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Dear Readers, 


‘Solar’ is the Latin word for ‘Sun’ and the Sun is the 
fount of all energy on Earth. It is the source of life for 
plants, the cause of flow in the atmosphere and water- 
it is what makes life possible. None can exist without 
it. Each square metre of Earth facing the Sun receives 
about 1380 joules of energy. This quantity is known as 
the solar constant. 

Solar technologies are broadly characterised as 





passive or active depending on the way they capture, convert and distribute 
sunlight. Active solar techniques use photovoltaic panels, pumps, and fans to 
convert sunlight into useful output. Passive solar techniques include selecting 
materials with favourable thermal properties, designing spaces that naturally 
circulate air, and referencing the position of a building to the Sun. Active 
solar technologies increase the supply of energy and are considered supply side 
technologies, while passive solar technologies reduce the need for alternate 
resources and are generally considered demand side technologies. 

In 2011, the International Energy Agency said that ‘the development of 
affordable, inexhaustible and clean solar energy technologies will have huge 
long term benefits. It will increase countries’ energy security through reliance 
on an indigenous, inexhaustible and mostly import-independent resource, 
enhance sustainability, reduce pollution, lower the costs of mitigating climate 
change, and keep fossil fuel prices lower than otherwise. These advantages 
are global. Hence the additional costs of the incentives for early deployment 
should be considered investments; they must be wisely spent and need to be 
widely shared’. 

The utilisation of solar energy in India has seen a new dimension with 
solar energy based grid power generation. Today, the installed capacity for 
solar grid power has reached over 1040 MW and the major part of it came 
in the last two years with the launch of the Jawaharlal Nehru National Solar 
Mission. It is poised to take a leap to about 20000 MW by the year 2022. ‘The 
current issue is focused on solar energy. Articles in the issue present a range 
of aspects from using solar heat for industrial drying, to how solar lighting 
is transforming life in rural India; from success stories on the indigenously 
developed solar dish aptly named ‘Arun’ to the impetus being provided to 
research in solar energy by the JNNSM. 

I am sure that it will be an interesting journey for you to update yourself 
about the various dimensions of solar energy applications in our daily life. 
Please do not forget to send your valuable feedback, comments and reactions 
about this issue. 
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Recently a colleague handed me a 
copy of Akshay Urja. I was extremely 
impressed with the contents. I 

am keen to receive Akshay Urja 
regularly. 


Devendra Chachra 
Heritage City, MG Road 


Gurgaon 


Our new project department 

is actively involved in the exploration 
of interesting renewable energy 
based projects (wind, solar etc.) in 
Tamil Nadu. In this endeavour, 

we have come across your journal 
Akshay Urja’ and find it highly 
informative and very helpful. Our 
Department would like to receive 
the journal on a regular basis. 


T. Palaniappan 
Manager (New Projects Group) 
NTPC Limited-Chennai, 


I am pursuing my MBA in ‘Energy 
and Infrastructure’ and after 
reading the magazine I have found 
the contents to be extremely useful 
for my study. I am very keen to 
subscribe to 'Akshay Urja’. 

Gautam Udupa 


Jamnagar, Gujarat 


We are a a voluntary organisation 
called Sindhu Rural Development 
Society (SRDS), presently located 
at Mahabubnagar District, Andhra 
Pradesh. We are aware that the 
Ministry of New and Renewable 
Energy is implementing a wide 
range of programmes for the 


promotion of biogas, solar systems 
and various other conversion 
technologies. We are very interested 
to know about your innovative 
programmes. We request you 
therefore to kindly send us a 
copy of Akshay Urja so that we 
can become aware of your 
various initiatives. 
N. Srinivasulu, 
SRDS, Karimanagar, 
Andhra Pradesh 


Rudraksh Energy works in the 
sector of different sources 
of renewable energy like solar, 
wind, biomass, etc. and are 
leading energy consultants in 
Rajasthan. We got the opportunity 
to read Akshay Urja - February issue 
and found it to be very 
informative and knowledgeable. 
We believe that this magazine 
will prove to be very beneficial 
for us in the power sector as it 
carries useful and updated 
contents on the renewable energy 
scenario in India. 
D. S. Agarwal 
Rudraksh Energy, 
Rajasthan 


It was a great pleasure to receive the 
Akshay Urja' newsletter, February 
2012, Vol.5, Issue 4. The contents in 
the magazine are very informative 
and useful. The newsletter helps to 
spread awareness on renewable 
energy and technology. 

I was delighted to read the 


article ‘Small Flames Igniting Big 


Transformation’ in the said issue. 
Today renewable energy is the need of 
the hour. It is really appreciable that 
you are doing a good job by making 
renewable, clean and green energy 
popular among all walks of life of 
society. 
Anant B. Tamhne 
Shivaji Nagar, 
Nagpur, Maharashtra 
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Dear Reader, Thank you very much for your suggestions and encouragement. The editorial team of Akshay Urja will 
make every effort to make this newsletter highly informative and useful to all our readers. We welcome your suggestions 
and valuable comments to make further improvements in terms of content and presentation. Editor: Akshay Urja 
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Dr. Kalam Presents 
National Awards on 
Technology Day 
2012 





The former President of India, Dr. 
A.P.J. Abdul Kalam presented the 
National Awards for Technology, 
during the Technology Day 2012 
celebrations in New Delhi on 11 
May 2012. Dr. Kalam gave away 

the awards to various industrial 

and individual concerns. Instituted 
by the Department of Science and 
Technology and the Department 

of Bio- Technology (DBT), these 
awards are meant to recognise 

efforts made in the area of successful 
commercialisation of indigenous 
technology. The National Awards have 
two components - a cash award of Rs. 
10 lakhs and a trophy. In addition, 
the Technology Development Board 
(TDB) introduced cash awards of Rs. 
5 lakhs to be given to a maximum 

of three small scale industry (SST) 
units which have successfully 
commercialised a technology based 
product. The Awards were won 

by Scanpoint Geomatics Limited, 
Ahmedabad, for the indigenous 
development and commercialisation of 
Integrated GIS and Image Processing 
Software while the award for the SSI 
units of Rs. 5 lakhs each went to Zen 
Technologies Limited, Sanathnagar, 
Hyderabad and Diaonics Automation 
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(I) Pvt. Limited, Nasik. The TDB 
award went to Perfint Healthcare Pvt. 
Ltd., Chennai. The award for the 
best technology business incubator 
was won by SIDBI Innovation and 
Incubation Centre (SIIC), HT Kanpur 
and the Award on ‘Miniature Solar 
Photovoltaic Modules and Process for 
Manufacture’ was given to Geetanjali 
Solar Enterprises for their application 
to solar toys. 


wwwu.zimbio.com, 


12 May 2012 





Delhi Metro to Tap 
Solar Power 





Delhi's new age transport system 


is going green, with the Delhi 

Metro Rail Corporation planning 

to tap solar power at some of its 
facilities. The initiative announcement 
that coincided with the World 
Environment Day, will help generate 
renewable energy and reduce DMRC's 
dependence on conventional sources 
of power. Initially, solar panels 

are proposed to be installed at the 
Karkarduma and Noida Sector 21 
stations and the Yamuna Bank 

depot, to capture solar energy which 
will be converted to electricity 

using an appropriate technology. In 
addition, the Delhi Metro plans to 
harness solar energy at elevated metro 
stations, in depots and in open 

areas of the stations. Based on the 
success of the initiative, the DMRC 
will further implement it for the 
various structures coming up under 


its Phase-III constructions. DMRC's 
Managing Director Mangu Singh 
also announced a special drive which 
will see Metro officials being trained 
in environmental awareness and 
environmental protection procedures 
in day-to-day Metro operations. To 
foster sustainable development, he 
directed the chief project managers 
in-charge of the Phase-III 
constructions to ensure that all new 
contractors and sub-contractors are 
fully sensitised on environmental 
issues so that the work may be carried 
out in an environmentally responsible 
manner. 

www.thehindu.com, 


5 June 2012 


ESE Sa St IE a a a NA E e E e] 
Power Exchanges 

Begin Trading of 

solar Energy 

Certificates 








Power Trading Exchanges - Indian 
Energy Exchange (IEX) and 
Power Exchange India Ltd. (PXIL) 
commenced trading of solar 
Renewable Energy Certificates. 
This comes in the backdrop of keen 
interest within the power sector, as 
it Opens a new revenue source apart 
from the sale of energy generated. 
The trading of these certificates makes 
it easy for several entities that may 
be required to purchase a certain 
quantum in either green power or 
RECs. 

M and B Switchgears Ltd has 





become the first solar power producer 
in India to be issued 249 Solar RECs 
by the National Load Dispatch Centre 
in New Delhi. These certificates are 
tradeable at the power exchanges 

and are bought by ‘obligated entities’ 
which are either specified consumers 
or electricity distribution companies 
under the renewable purchase 
obligation (RPO). The Electricity Act 
2003 mandates the State to specify a 
percentage of the total consumption 
of electricity in the area of the 
distribution licensee for purchase of 
electricity from renewable sources as a 
part of this RPO. The trading of solar 
RECs at power trading exchanges 
opens a source of revenue generation 
for solar power producers apart from 
third party sale of power through 
Open Access. The REC mechanism 
has been promoted by the Ministry 
of New and Renewable Energy to 
encourage unconventional energy 
sources. 
www.thehindubusinessline.com, 


5 June 2012 





CSIR-NCL to Harness 
solar Energy 





A major programme on energy is 
underway at the Council of Scientific 
and Industrial Research (CSIR) 

and its afhliate National Chemical 
Laboratory (NCL), with a focus 

on search for novel materials and 
methods of turning them into devices 
for affordable technologies. ‘The 
CSIR-NCL is working on harnessing 


solar energy to produce thermal and 


Akshay Uría 


electric power, in particular ‘organic 
photovoltaics and dye-sensitised 
solar cells’, according to Saurav Pal, 
Director, CSIR-NCL. 

www. financialexpress.com, 

11 June 2012 


ESS RSS ESET IE BRASS TS UG ORES PE CS 
Himalayan Queen 

Gets Solar-Powered 
Coaches 
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The coaches of the Kalka-Shimla toy 
train - the Himalayan Queen - have 
been fitted with solar power systems 
with the aim of harnessing green 
energy and reducing carbon emission. 
It is the first train in the country to 
have all its coaches solar-powered. The 
experiment will earn carbon credits for 
the track that is on the heritage list of 
the UNESCO. 

Each renovated coach has cost Rs 
1.25 lakhs and is provided with a 
100 W solar panel. The fluorescent 
tubes have been replaced with brighter 
LED lights. The coach can function 
for two days without the sun (in case 
of a cloudy sky) and can make upto 
two trips. The coaches have also been 
provided with solar power charging 
sockets. 

Trial runs were done earlier on 
the Pathankot-Jogindernagar track. 
For the past one year, one coach 
each on two trains were made to run 
on solar energy. Officials say that 
the conventional generation system 
had become obsolete and required 


National 


frequent maintenance. With the 
new system and removal of several 
mechanisms required under the old 
generation system, the coaches have 
become lighter. 
www.indianexpress.com, 


21 June 2012. 


SE a NR SRO US RES 
Solar Power to Run 
Traffic Lights, Save 

You from Snarls 





The Delhi Police has zeroed in on 
an ambitious project to harness 
solar power for its traffic signals. It 
will initiate this project at six new 
intersections which will get solar- 
powered signals. This environment- 
friendly system is already in place at 
Sector 21, Dwarka, Red Fort Chowk, 
Burari Chowk and Shastri Park 
Pusta for the past few months. So 
far, the police said, these signals have 
performed ‘excellently’ as they remain 
functional round-the-clock, even 
during major power failures. The six 
locations identified for this purpose 
are Mukarba Chowk, ITO, Andrews 
Ganj, Rajouri Garden, Indraprastha 
Flyover and Karkari More. The project 
was conceptualised way back in 2002, 
but never really took off. 

“We hope that this monsoon, 
traffic signals at 10 busy intersections 
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will not conk off due to frequent 
power failure as they will run on 

solar power,” said Satyendra Garg, 
joint commissioner of police (traffic). 
During monsoons, many trafhc signals 
stop working due to frequent power 
failure. 

Delhi traffic police have conducted 
trials at four intersections successfully 
in the past few months and are now 
set to start work on installing the 
system at six more intersections. 

Two agencies - Caltron and CMS - 
that run and maintain these signals 

in the city are expected to get the 
assignment. “We will keep a tab 

on the performance of these solar 
signals at 10 intersections during the 
monsoon. If they perform well even 
during rains, we will install the system 
at other signals in the next phase,” 
Garg added. The city has 780 signals 
and 390 blinkers of which 56 are now 
non-functional. 
www.hindustantimes.com, 

21 June 2012 


Sa a Sa i E 
Algae, the New-Age 
Biofuel for a Green 
Tomorrow 





Algae has emerged as a low cost option 
to arrest global warming. Algae are a 
very large and diverse group of simple, 
typically tropical organisms. They are 
like plants but grow on water and 
produce more than 71 per cent of 


the earth’s oxygen, as per estimates of 
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scientists. Carbon dioxide and water 
are the basic requirements for the 
growth of algae and it releases 
oxygen as a by-product. Algae is 

a great solution for capturing carbon 
from vehicular emissions, 

for providing oxygen to soldiers 

in high altitudes and for reducing 
oceanic acidification. The latest in 
the spree of innovators is Professor 
Dinabandhu Sahoo of the Delhi 
University (DU), who has developed 
an algae based apparatus for carbon 
capturing and reusing the same as 
bio-fuel. 

Sahoo tested over 1,000 algae 
strains and found a few strains that 
could capture carbon from a vehicle's 
tail pipe and that around 40 per cent 
of the total fluid generated could be 
processed into a bio-fuel or other oils 
for different industries. 

“The initial cost of Rs. 20,000 to 
Rs. 25,000 can be recovered in three 
to four years,” said Sahoo. 

Sahoo installed a tank with 
water containing algae in his own 
car, with the cars emission pipe 
connected to the tank. As he drove 
around Delhi, the carbon dioxide 
from his car was captured by the 
algae, resulting in less toxic emissions 
into the Capital's air. 

Sahoo, believes his experiment 
can work wonders if the government 
or oil companies promote algae 
for capturing polluting emissions 
and that investing in algae based 
solutions makes sense as India 
imports 70 per cent of its fuel oil 
and its dependence on imported 
fuel is only going to increase in the 
coming years. Algae also has an 
advantage over jatropha as it can be 
grown in any temperature and in 
varied environmental conditions. 
Such are the benefits of algae that 
Odisha has launched a Rs. 95 lakh 
project to grow algae around 
polluting thermal power plants 





in the Angul district. Also the 
Defence Research and Development 
Organisation (DRDO) has decided 
to utilise it to provide oxygen to 
soldiers in high altitudes in Ladakh 
in J&K. Although India is waking 
up only now to the wonders of 
algae, countries like US, China, 
South Korea, Canada etc, have 
invested heavily in technologies 

to capture carbon with the help of 
algae and produce bio-fuels. 
www.hindustantimes.com, 


5 June 2012 


SIP aa eS HPS E a, ge SS 
Ahmedabad Municipal 
Corporation to Use 
Rooftop Solar Power 


F- 





By the end of the year, three public 
buildings in the city of Ahmedabad 
will be completely solar power 
equipped to meet their daily energy 
needs. The Ahmedabad Municipal 
Corporation (AMC) offices in 
Maninagar and Usmanpura and the 
Memco Sports Complex will shift 
to using rooftop solar power. With 
soaring electricity prices, solar systems 
are a wise investment that ensure 
handsome savings in the long run. 
The time taken to recover the 
investment made in the power unit 
is less than two years, claim AMC 
officials. 

www.articles.timesofindia. 
indiatimes.com, 2 June 2012 








PAT for Energy Efficiency 
Rolled Out 





Power Minister Sushil Kumar Shinde 
launched the ‘Perform, Achieve and 
Trade’ scheme to improve the energy 


efficiency of sectors such as iron and 
steel, cement, fertilisers, aluminium, 
textiles, thermal plants and paper. 
The scheme of the Bureau of 
Energy Efficiency aims to improve 
efficiency standards of these sectors by 
2015. The government notified the 
targets under the Energy Conservation 
Act 2001 for 478 industrial units and 
thermal power stations on March 30, 
2012. 
www.articles. economictimes. indiatimes. 


com, 5 June 2012 
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MP Setting Up 

Biomass Energy 

Projects 
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Work has begun in Madhya Pradesh 


Åkshay Urfa 


for generating power from 
alternative sources of energy. Efforts 
are on to establish 200 MW 
capacity biomass projects during the 
financial year according to an official 
release. 

The total technical capacity of 
biomass energy projects has been 
identified as 1,200 MW and the 
installed capacity of this kind of 
power in the State is 40 MW at 
present, whereas 307 MW capacity 
projects are under construction. The 
Madhya Pradesh Biomass-based 
Power Projects Implementation 
Policy-2011 has been implemented 
in the State for promoting biomass- 
based power projects. Projects are 
being registered in various districts 
under the provisions of the policy as 
per available capacity. Besides this , 
a biomass availability survey is also 
proposed in every district. 

WWW. post.jagran.com, 
2 July 2012 


Solar Projects Viable 
Only at Rs 9 a Unit: 
Crisil 





Developers who have bid below Rs 
9 a unit in batch 2 of the Jawaharlal 
Nehru National Solar Mission need 
low-cost debt to keep margins intact, a 
Crisil Research report said. 

As per the report, in 2011 the 


National 





capital costs of solar photovoltaic 
(PV) projects fell by 30 per cent 
consequent to a 50 per cent drop in 
prices of solar PV modules. The PV 
modules make up half of the total 
capital cost of projects. Module prices 
have been sliding due to a 

weak demand from key European 
markets following the withdrawal of 
incentives and capacity additions, 
led by China, have resulted in 
module over capacity of about 50 
per cent in 2011. Crisil expects 

the decline in module prices to 
slowdown this year. Capital costs 
are expected to decline by 10-13 
per cent to Rs 8.7 to 9 crorea MW 
in 2012. However, some players 
under batch 2 of the JNNSM have 
bid aggressively anticipating a 
sharper decline. For healthy equity 
internal rate of returns (IRRs) of 
about 15 per cent, a tariff of Rs 

9 a unit is necessary, assuming a 
plant load factor of 19 per cent and 
typical debt equity of 70:30, with 
borrowing costs of nearly 13 per 
cent. “Almost half the bids 

under JNNSM batch 2 have 

been below Rs 9 per unit and 
about a fourth of the bids below 
Rs 8.5 per unit, making these 
investments highly risky”, said Mr 
Rahul Prithiani, Director, Industry 
Research, Crisil Research. These 
projects can become viable if low 
cost foreign funds are tapped. 
However, the domestic procurement 
clause imposed by the JNNSM 
could limit access to such funds. 
“In contrast, the fixed tariff of Rs 
10.37 per unit and the absence 
of a domestic procurement clause 
make Gujarat's solar power policy 
more attractive, as it enables 
equity IRRs of 18-22 per cent’, 
said Mr Prasad Koparkar, Senior 
Director. 

www.article.wn.com, 


6 August 2012 
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UK Onshore Wind 
Generation Up 51 Per 
Cent 





According to the Department of 
Energy and Climate Change (DECC), 
electricity generation from onshore 
wind was up by 51 per cent in the 
first quarter of 2012. Onshore 

wind generated 3.6 TWh of power 
during the first three months of 
2012, up from 2.4 TWh in the 
previous quarter — the highest 
absolute increase in generation of 
any technology in the UK’s energy 
mix. The increase reflects a 36 per 
cent bump in renewables capacity 
coming online in the past 12 
months, DECC said. Increased 
generation was also seen in hydro 
(up by 43 per cent), offshore wind 
(up by 50 per cent) and bioenergy 
(up by 21 per cent) due in part to 
the conversion of the 750 MW 
Tilbury B coal-fired power station 

to dedicated biomass. Overall, 
renewables accounted for 3.8 per cent 
of the UK’s total energy supply in 
the quarter, up from 3.2 per cent in 
2010. Under the Renewable Energy 
Directive, the UK must source 15 per 
cent of its supply from renewables 
by 2020, and it is hoping to reach 
an average of 4 per cent by the end 
of 2012. Energy Minister Charles 
Hendry said, "Today's statistics show 
a clear increase on the first quarter 
of last year across all renewables — 
with rise in wind, hydro, solar and 
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bioenergy generation. Alongside a 36 
per cent increase in renewables shows 
that the UK is powering forward on 
clean and secure energy and is clearly a 
very attractive place to invest." 
www.bloomberg.com, 4 July 2012 





First Intercontinental 
Flight 





A solar-powered plane that took off 
on the world’s first intercontinental 
flight has landed in Rabat, Morocco 
after flying across the Strait of 
Gibraltar from Spain. News.com. 
au reported that Bertrand Piccard, 
a 54 year old Swiss psychiatrist and 
balloonist, landed Solar Impulse 

at 11:30 pm on Tuesday (8.30 am 
Wednesday AEST) at Rabat Sale 
Airport where he was welcomed 

by officials of the Moroccan Solar 
Energy Agency (MASEN). The 
plane was to stay in Rabat for 

five days before taking off for 
Ouarzazate in the south of Morocco 
for the launch by King Mohammed 
VI. The solar plane had taken off 
from Madrid’s Barajas airport on 
Tuesday at 5:22 am (1.22 pm 
AEST). 


www.indiavision.com, 6 June 2012 





New Hampshire Adds 
Thermal Energy to 
Incentive Scheme 

The state of New Hampshire has 











added thermal energy to its renewable 


energy incentive scheme, enabling 
solar thermal, geothermal and biomass 
to fully benefit from the scheme 

for the first time. The Renewables 
Portfolio Standard (RPS), which 
requires energy providers to meet a 
certain percentage of their energy 
needs from renewable sources, has 
been adopted in 29 states, but New 
Hampshire is the first state to include 
thermal energy on the same terms 

as electricity. Renewable energy 
certificates (RECs) will be worth up 
to $29/MWh of energy produced by 
qualified thermal projects until 2025. 
The RPS will now offer the same 
incentives to biomass thermal projects 
that biomass-to-electricity plants 
currently have in many states. 
www.metisbs.com, 3 July 2012 
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IEA Assists South Africa 
in Developing Solar 
Energy Roadmap 
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South Africa has been identified as a 


country with potential for solar energy 





due to its optimal radiation patterns. 





The aim of this roadmap is to plot a 
clear pathway assessing the steps that 
South Africa should take to ramp up 
its use of renewable energy source. 
The target is that 42 per cent of the 
new electricity generation capacity 
in South Africa ought to come from 
renewable sources — excluding 
hydropower — by 2030. 

The IEA has developed a series of 
global low-carbon energy technology 
roadmaps covering the most important 
technologies, from biofuels to smart 
grids. Each roadmap represents 
international consensus on milestones 
for technology development, legal/ 
regulatory needs, investment 
requirements, public engagement/ 
outreach and international 
collaboration. Additionally, the IEA 
has also worked with other countries 
to support their national roadmap 
efforts, such as a roadmap on 
wind energy in China. This latest 
collaboration follows an MoU 
between the IEA and South Africa's 
Department of Energy in which both 
parties agreed to work more closely on 
a broad range of energy issues. 

The first meeting to kick-off the 
process of developing a solar energy 
technology roadmap for South 
Africa took place on 18 June 2012 in 
Pretoria. Deputy Director Generals, 
Ompi Aphane and Val Munsami, 
from South Africas Department of 
Energy and the Department of 
Science and Technology, respectively, 
attended the event along with 
over 100 other stakeholders. 

Initial discussions focussed on an 
earlier 2010 report on solar energy 
technologies. This report could 
potentially provide the basis of 

the new roadmap. IEA experts 
provided guidance on best practices 
for developing a roadmap as well 

as insights on the latest technology 
developments. 


www.iea.org, 9 July 2012 
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Chile Gives 
Environmental Approval 
for 220 MW PV Plant 








Chile's Department of Environmental 
Assessment has given approval to AES 
Gener SA's (Santiago, Chile) 220 
MW Los Andes solar photovoltaic 
(PV) project in the nation’s 
Antofagasta region. AES Gener plans 
to develop the USD 572 million 
project in six phases, starting with an 
initial 20 MW phase, followed by five 
40 MW phases. The company plans 
to begin work on the project in early 
2013, and bring the first 20 MW 
online in 2014. 

The project will be located at an 
altitude of 2800 metres, with 34,400 
arrays of 16 PV modules each covering 
880 hectares, for a total of 550,000 
modules. The plants will connect 
to the nation's electricity grid at the 
pre-existing Los Andes substation. Los 
Andes is the second-largest PV project 
to achieve environmental approval in 
the nation, following the 250 MW 
Atacama Solar Park. 
www.solarserver.com, 


17 July 2012 
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2.2 GW Wind Farm 
Proposed for Irish Sea 

A massive wind farm with up to 

440 turbines has been proposed 

for the Irish Sea in a joint project 
between a Danish energy company 
and Centrica, an integrated energy 
company working in the UK and 





International 





North America. The initial proposal 
has been submitted to the National 
Infrastructure Planning branch of 


the UK government. 

Rhiannon Wind Farm Limited, it 
is the first offshore wind facility to be 
proposed for the Irish 
Sea Zone. The proposed site location 
is about 30 km southeast of 
the Isle of Man (about 100 km 
from Belfast). The full wind power 
potential of the Irish Sea Zone has 
been estimated to be 4.2 GW — two 
more gigawatts than the current 
proposed project. 
www.cleantechnica.com, July 17 2012 


<5 ANE NET 
The Dawn of Japan's 
Offshore Wind Era 

Japan recently announced that an 
offshore wind demonstration project 
would begin producing electricity by 
January. According to the GWEC, 
Mitsubishi Heavy Industry's 2.4 
MW wind turbines off the coast 

of Choshi will test operation in 
severe weather conditions, like 
typhoons, and high turbulence. 

A similar project is also scheduled 
for 2012 in the Sea of Japan 

near Fukuoka City. The Japanese 
government has also approved two 
offshore floating projects. Japan has 
1,600 GW of offshore wind potential, 
nearly four times larger than the 
nation’s nuclear capacity prior to 
Fukushima. 
www.renewableenergyworld.com, 


16 July 2012 
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Jawaharlal Nehru 


NATIONAL 


SOLAR 


MISSION 


The world today is taking notice of the various environmental concerns 
plaguing the Earth. Indeed it is no longer the prerogative of developed 
countries alone to take measures for a cleaner future bereft of global 
warming, climate change and ozone depletion among other issues. 





Dr. Ashvini Kumar 


very country including India is trying to mitigate (NAPCC) is a step in this direction. It was announced by 
the harm being caused to environment at large the Prime Minister of India on 30 June 2008 and envisions 
and solar power is at the helm of these efforts. several measures to address global warming. While releasing 
The National Action Plan for Climate Change the same, the Prime Minister said, “Our vision is to make 
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India’s economic development energy efficient. Over a period 
of time, we must pioneer a graduated shift from economic 
activity based on fossil fuels to one based on non-fossil fuels 
and from reliance on non-renewable and depleting sources 
of energy to renewable sources of energy. In this strategy, 
the sun occupies centre stage, as it should, being literally the 
original source of all energy.” 

One of the important measures identified involves 
increasing the share of renewable energy in the total 
electricity production in the country. The NAPCC had set 
the target of 5 per cent as the dynamic minimum renewable 
purchase standard (DMRPS) for the financial year 2009- 
10, with the target increasing by 1 per cent every year for 
the next 10 years. In order to ensure compliance with the 
DMRPS target, the NAPCC had envisaged the transaction 
of renewable energy from surplus regions to deficit regions 
through policy instruments. Eight key national missions 
were created, as part of the Action Plan , and the Jawaharlal 
Nehru National Solar Mission (JNNSM) is one of them. 
The JNNSM was launched on 11 January 2010 by 
the Prime Minister of India and it is seen as one of the 
major global initiatives in the promotion of solar energy 
technologies. 


Aims and Objectives 
The JNNSM’s major aim is to achieve grid tariff parity by 
2022 through large scale utilisation, rapid diffusion and 
deployment at a scale which will lead to cost reduction. It 
seeks to encourage research and development, pilot projects 
and technology demonstration and stresses on local 
manufacturing and creating support infrastructure for the 
generation of renewable energy. 
The Mission aims at creating an enabling policy 
framework with the following purposes; 
® Deployment of 20,000 MW of solar power by 2022 
® Promotion of programmes for off grid applications of 
2000 MW equivalent capacity by 2022. 
® Accumulation and utilisation of 20 million sq m of 
solar thermal collector area by 2022 for various heat 
applications viz. solar water heaters, solar cooking, solar 
cooling, solar air heating and drying, industrial process 
heat applications, etc. 
® Deployment of 20 million solar lighting systems for rural 
areas by 2022. 
The Mission is to be implemented in three phases as per 
the roadmap outlined in the following paragraphs. 
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Policy and Regulatory Framework 

The main emphasis of the JNNSM has been the setting up 
of a conducive policy and regulatory environment in the 
country for creating demand and the volumes ultimately 
leading to cost reductions. This includes the amendment 
of the National Tariff Policy which requires state electricity 
regulators to fix a percentage of energy purchase from solar 
power under the RPOs. The solar power purchase obligation 
for states may start with 0.25 per cent in Phase I (by 2013) 
and go up to 3 per cent by 2022. Secondly, there is the 
provision of a solar specific Renewable Energy Certificate 
(REC) mechanism to complement the policy of solar RPOs 
to allow solar power generation companies to sell certificates 
to the utilities to meet their solar power purchase obligations 
whenever there is a shortfall in the solar power generation 
capacity in that particular state. Thirdly, states are being 
encouraged to bring out state specific solar policies for 
buying solar power and setting up solar power projects. Also 
most of the State Energy Regulatory Commissions have 
issued orders for solar specific RPOs. And lastly the setting 
up of grid connected solar (thermal as well as photovoltaic) 
projects has been exempted from the purview of the EIA 
notification. 


Status of Implementation 

Grid Power 

It is encouraging to see the progress that the Mission has 

made thus far: 

® A total of 1154 MW capacity of solar grid power has been 
allocated. This includes 1054 MW capacity of large solar 
power projects connected to 33 kV and above and 100 MW 
capacity of smaller projects connected to less than 33 kV. 

® Large projects include 84 MW (54 MW PV + 30 MW 
ST) under migration, 620 MW (150 MW PV + 470 
MW ST) as new projects under Batch-I and 350 MW PV 
projects under Batch-II of the Mission. ‘These projects are 


The solar power purchase 
obligation for states may start 
with 0.25 per cent in Phase I 


(by 2013) and go up to 3 per cent 
by 2022. 
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Table 1. State-wise details of 1040 MW capacity projects. 


State/UT State/UT 





Ohia are Rajasthan 198.7 
Gujarat 690.0 Tamil Nadu 15.1 
Haryana 7.8 Uttar Pradesh 12.4 
Jharkhand 16.0 Uttarakhand Fi 
Karnataka 14.0 West Bengal ZA 
Madhya Pradesh 7.4 Andaman & Nicobar 0.1 
Maharashtra 20.0 Delhi 2.5 
Odisha 13.0 Lakshadweep 
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Table 2. The progress of implementation of off-grid PV 
application under JNNSM (MW) 





Eure 11 m 
2011-12 58 77.40 20.20 
2012-13 100 ; : 


selected through international competitive bidding and 
discounting to CERC based tariff for solar, thermal and 
photovoltaic technologies. This has led to heavy discounts 
being offered by developers bringing down solar tariff 
substantially. 

® Eleven projects of 50.5 MW capacity (48 MW PV + 
2.5 MW ST) under migration and 26 projects of 130 
MW capacity under Batch-I have been commissioned. 
In addition, 68 projects totaling 87.8 MW of smaller 
capacity solar power projects have been commissioned. 

® Solar thermal projects under Batch-I and solar PV projects 
under Batch-II have time for completion till February and 
May 2013, respectively. 


Eleven projects of 50.5 MW capacity 
under migration and 26 projects 
of 130 MW capacity under 


Batch-I have been commissioned. 
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® The total capacity installed in the country has reached 
1040 MW. As per the information available, state-wise 
details of this capacity are given in Table 1. 

® It is worthwhile to note that the addition of solar power 
capacity in the country has been spectacular. This growth 
in total capacity has been mapped in Fig 2. 


Off-Grid Applications 

In order to set up more solar thermal energy installations, 
5.57 million sq m of solar thermal collector area has 
been acquired so far. The progress of implementation 
of off-grid PV applications under the JNNSM is given 
in Table 2. 


Solar Resource Assessment 
Solar radiation resource assessment is one of the key 
requirements of successful setting up of solar power projects. 


The India Meteorological Department (IMD) has 45 


Fig 1. Modern solar monitoring stations in India 


















stations where facilities for measurement of solar radiation 
are available. In order to augment these efforts, the MNRE 
has sanctioned a project to the CWET for setting up 51 
modern solar radiation monitoring stations in the country, 
especially at sites located in high potential areas. These 
stations have been set up, and data is being collected centrally 
at the CWET, Chennai through GPRS. Additionally, 60 


more such stations are planned. (Fig 1.) 


Fig 2. Cumulative Installed Solar Generation Capacity (MW) 
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Research and Development 

As a part of the R&D activities, the following Centres of 
Excellence have been sanctioned by the Ministry: 

@ IIT Bombay: Research and education in the area of 

photovoltaics (2009-10) 
® IIT Rajasthan (Jodhpur): Research and education in the 

area of solar thermal (2011-12) 
® IIM Ahmedabad: Technology incubation and development 

of entrepreneurship (2010-11) 
® CEPT University, Ahmedabad: Solar passive architecture 

and green building technologies (2010-11) 

In addition, more than 35 R&D projects supported by 
the MNRE are under implementation. This includes the 
following projects under MNRE's initiative with CSIR: 
® Indian Institute of Chemical Technology, Hyderabad and 

National Chemical Laboratory, Pune: Dye sensitized solar 

cells. 


® National Physical Laboratory, Delhi: Thin film solar cells 


Institutional Frameworks 

A new organisation called the Solar Energy Corporation 
of India (SECI) has been set up for the implementation of 
various activities under the JNNSM. The Board of Directors 
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Solar radiation resource assessment 
is one of the key requirements of 
successful setting up of solar power 
projects. The IMD has 45 stations 
where facilities for measurement of 
solar radiation are available. 





800kW grid connected SPV power plant at Narnaul, Haryana 


of the SECI is headed by the eminent scientist, Dr. Anil 
Kakodkar. 


Phase II of JNSSM 

Phase 2 of the JNNSM proposes to support 3000 MW 
capacity of solar power projects, and additionally 6000 MW 
capacity is expected to come through compliance of solar 
RPOs. The policy framework would be based on learnings 
from the implementation of Phase 1 of the Mission. Indeed 
the JNNSM is a catalyst for change for the cause of the 
environment. With a very clear agenda, a well thought 
out plan of action and the almighty Sun at the core of its 
work, the Mission seeks to make great strides in the sector of 
renewable energy. © 


The author is Director, Ministry of New and Renewable Energy, New 
Delhi, E-mail: ashvinikr@nic.in 
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Solar PV generation in the distributed mode is gaining importance due to reduced 
costs and encouragement given by the Jawaharlal Nehru National Solar Mission 
(JNNSM). Solar roof top units of 1-3 kW can be integrated at the low tension side 
of a 250 kVA to 1.0 MVA distribution transformer. A number of such systems are 
being installed in the country. 


M. Siddhartha Bhatt, Rajashekar P. Mandi, K. Pradeep 


esearch is underway to find better and optimum 
ways of utilising solar energy to make it useful 
for everyday needs. For large scale use of solar 
PV, a grid tie is inevitable to avoid capital cost 
and energy losses. It also helps in reducing the energy loss 
due to non-availability of load after the minimum battery 
storage system has been fully charged. Solar roof top units 
of 1-3 kW can be integrated at the low tension (LT) side of 
a 250 kVA to 1.0 MVA distribution transformer (DTR). A 
number of systems are being installed over the country. The 
facilities for testing of micro solar roof tops in the laboratory 
(energy efficiency, etc.) and in the field (anti-islanding, 
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re-connect timing, etc.) are available with the Central Power 
Research Institute (CPRI). The issues with the integration 
of a large number of units of distributed generation at the 
tail end of the grid are load availability and its balance at the 
DTR level, the control of power quality (voltage regulation, 
power factor and harmonics) and the balancing of load on 
individual phases of the three phase DTRs. With a large 
volume penetration of micro solar PV roof top systems 
with the grid, the issues of balancing and power quality 
need to be resolved through stringent quality control of 
grid tied inverter performance, network reconfiguration 
through the creation of looping radial lines and linking of 





domestic loads with commercial loads. It is concluded that 
more instrumentation, monitoring and communication 
systems are required on the grid side for accommodation of 
distributed generation from Solar PV for maximum use of 
the solar energy. 

Solar PV is gradually becoming economical and 
sustainable with both crystalline silicon (mono and polycells) 
and thin film converters. India has a varied geographic 
pattern with some areas having to suffer grid inaccessibility 
or very weak power flows. Under this diversity of power 
flows, solar PV power is being utilised as stand-alone power 
for solar lanterns and lighting systems (5 W to 200 W) to 
penetrate areas with grid inaccessibility or unavailability of 
power. Solar PV stand-alone applications have a growing 
market. 


Issues with Solar PV Power 

Generation Systems 

In all of the above solar PV applications, the main problem 
is infirm or stochastic power to the extent of 10-30 per cent 
as compared to top firm power from conventional sources. 
The availability of solar radiation is parabolic during 06:00 
to 18:00 hours and there is no availability during the nights. 

The loading pattern or load curve gives peaks at 11:00- 
13:00 for commercial loads and 18:00-21:00 for domestic 
loads. For street lighting loads there is a peak during 18:00- 
21:00 hours and gradual decline during 21:00-03:00 hours 
(Fig 2). 

Due to the mismatch in generation and loading of the 
local voltages, power factors go beyond the stipulated bands. 
In anormal grid configuration, there is poor communication 
between the decentralised generation and the loading 
pattern, resulting in mismatches in the quality and quantity 
parameters (Fig 3). 

The daily average solar radiation is in the range of 5-6 
kWh/m?/day. The energy generation is in the range of 0.80- 
0.90 kWh/m?’/day. Due to the three seasons — summer, 
winter and monsoons, the solar PV must work in an optimal 
manner so as to provide energy generation all through the 
year. This is ensured by providing a combination of 80 per 
cent crystalline silicon cells and 20 per cent thin film cells; 
or 50 per cent crystalline silicon and 50 per cent thin film, 
etc. The minimum to maximum ratio varies between 31.3 
per cent and 76.7 per cent. 

Another important issue is that the load curve reaches 
its peak at 18:00 to 21:00 hours. Hence there is a mismatch 
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Fig 2. Net difference between hourly solar PV generation and energy 
requirement for domestic load 


between the energy generation pattern and the energy 
utilisation pattern. This becomes a crucial consideration 
in micro grids, roof top domestic and building solar PV 
systems, necessitating the use of energy storage through 
battery systems and even dump loads like electrical 
resistance water heaters. 

The battery costs, which is almost double the cost in 
USA, would be too high. Also, the energy efficiency of the 
system would be reduced because the charge-discharge 
efficiency of batteries is around 70-80 per cent. Hence, grid 
tie up of solar PV is necessary. The primary requirements of 
grid tie are matching of voltages, frequency; islanding, anti- 
islanding, back feed protection, safe limits of disconnection 
and connecting times, etc. While grid tie is the route for 
minimising storage and energy costs and efficient load 
management, the impact of synchronisation of a large 
number of small and medium sized solar PV generators with 
the grid, gives rise to issues of grid management, regulation 
of voltage and reactive power in the particular distribution 
system. 

The solution to both these problems lies in the 
incorporation of smart grid configurations. The smart grid 
configurations have been looked upon as a vitalising solution 


Solar PV is gradually becoming 
economical and sustainable with 


both crystalline silicon (mono and 
polycells) and thin film converters. 
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The smart grid configurations have 
been looked upon as a vitalising 
solution to the mismatching in the 
grid, especially the source-load 
communication. 








Tolerance (Per cent P.U. ) 


Efficiency (hours) 


Fig 3. Tolerance levels for grid tied inverter as a function of the 
energy efficiency. 


to the mismatching in the grid especially the source-load 
communication. The mismatch has been seen as an effect, 
partially due to poor visibility or online situation awareness 
among the concerned players. Networking of real time 
information in multiplex mode is required. 

A smart grid configuration envisages: 

@ Distribution transformer (DTR) wise feedback on the 
loading and injection 

@ 11 kV feeder transformer-wise data. 

@ Data on the commercial and domestic consumers on 
the distribution transformer. 

The load management procedure involves the following: 

@ When there is excess generation there will be export 
from the grid tied inverters. 

è If sufficient load is available at the DTR level then the 
load will be balanced. 

@ In case of insufficient loading at the particular DTR 
level, the network configuration will be required to 
create the loading on the solar PV generators. 

The technology for the solar PV-grid involves grid tied 
inverter and AC coupled inverter. The grid tied inverters 
have evolved from small capacities to as high as 1 MW 
(individual units). The CPRI is involved in the evaluation 
of grid tied systems. The energy efficiency performance 
evaluation of grid-tied inverters involves the following: 

@ Instantaneous efficiency at rated load 

@ Instantaneous efficiency at partial load 

@ Energy efficiency over a time period 


16 


August 2012 
I 


Valve A a cow 


al 





@ No load loss 

@ Stand-by loss 

@ Tolerances 
Also, the dependence on voltage and current waveforms 
involves: 

@ Power efficiency (active AC to active DC) 

@ Conversion factor (fundamental AC to mean DC) 
Utility compatibility of grid tied inverters involves the 
following: 

@ Voltage, Current, Frequency: Compatible with utility 

system. 

@ PV band inverter: Voltage operating system is a 
protection function - not a voltage regulation function 

@ Flicker: < 16A and > 16A. 

@ DC Injection: PV system must not inject > 1 per cent 
of rated current. 

è THD: Current < 5 per cent even harmonics < 25 
per cent of lower odd harmonic limits on individual 
harmonics. 

@ Power factor > 0.9 per cent for > 50 per cent full load. 

@ Personal safety and equipment protection — internal or 
external devices. 

@ Loss of utility voltage: Anti-islanding provision 

@ Response to abnormal voltage: 2 s to 0.05 s depending 
on the voltage transient. 

Abnormal frequency: Frequency outside + 1 Hz energises 
the system, will cease to be of utility within 0.2 s. 

@ Islanding protection: will cease to energise utility line 
within 2 s. 

@ Response to utility recovery: Response time 20 s to 5 
minutes. 

Fig 1 gives a view of a micro solar PV plant for a grid 

tied roof top system for a domestic installation at Bangalore 
while Fig 5 shows the inverter set up. A minimum level of 





— Domestic load curve Solar PV generation curve 
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Fig 4. Typical roof top 3 kW pattern of energy generation and 
domestic load pattern. 


instrumentation and control are required for monitoring 
the net energy flow, operational parameters and solar PV 
cleanliness parameters, to maintain the performance levels 
and energy efficiency. 


Results 

A typical roof top 3 kW pattern of energy generation and 
domestic load pattern are shown in Fig 4. The solar PV area 
requirement is 48 sq m and the simple payback period is 
around 5.5 years. 

When the numbers of roof tops are sparse, there is no 
problem of the low tension portion of the grid absorbing 
the power. But when the number of roof tops increase over 
a period of time, the load management can be achieved by 
network re-configuration between a mix of commercial and 
domestic loads because the commercial load pattern gives a 
high level of loading during the 1000-1300 period. 

The same situation persists in the solar PV rural micro 
grids (100 kW to 1 MW) where the solar PV peaks at 
11:00-14:00 hours but there may not be sufficient loading 
available. In this case the energisation of agricultural pump 
sets could be a possible solution during the agricultural 
season. During the off season the energy must be exported 
to neighbouring industrial and commercial load centres 
through the grid tie. The smart grid configuration plays a 
role in enabling load balancing by communicating between 
the source availability and the load and then linking the two 
to ensure that full power of solar PV is utilised. 


Conclusion 

Micro solar photovoltaic roof top installations have come 
of age and are being installed all over the country. These 
systems minimise battery storage by feeding excess power 
into the grid and drawing power from the grid when 
there is low or no generation. It is possible to achieve 
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A minimum level of instrumentation 
and controls are required for 
monitoring net energy flow, 
operational parameters and solar 
PV cleanliness parameters. 





load management with minimal storage by matching the 
generation pattern with a mix of commercial and domestic 
loads on the distribution transformer by the help of smart 
grid configurations. To handle lack of load in the domestic 
lines, a smart configuration helps in linking remotely, the 
domestic solar PV generating plants with industrial and 
commercial feeders. © 


The authors are Addl Dir., Engineering Officer and Engineering Asst., 
Energy Efficiency and Renewable Division, Central Power Research 
Institute, Bangalore. E-mail: msb@cpri.in 


Interesting Facts About the Sun 


= 99.99 per cent of all the solar energy in the form 
of solar radiation ‘goes to waste’. 

mIn a single day, the Sun provides about 300 
BTUs of heat per square foot of the Earth’s 
surface. 

= The amount of solar energy that strikes the Earth 
in one hour is more than enough to provide all 
of the Earth’s energy needs for a complete year. 


Akshay Uría 


= Approximately 50 per cent of the sun’s energy is 
absorbed by the Earth’s surface, while another 
30 per cent is reflected back from the Earth’s 
surface. 

m Depending on where you are in the world, and 
the angle of the terrain, about 1,000 watts of 
solar energy reaches the Earth’s surface per 
hour per square meter. 
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Utilisation Through N etworks 


TAP-SUN is a major R&D initiative in the development of competitive 
and complementary technologies for harvesting solar energy. Many CSIR 
laboratories are participating in this programme wherein their strength, 
expertise and resources are pooled in a complementary manner to achieve the ~ 
envisaged objectives. The programme aims to focus on device integration issues 
as well as demonstrates a wide range of products for off-grid applications. 
; | Dr. S. K. Tewari _ | 


ia is a fast emerging economy and to achieve its 
developmental goals, the country requires large energy 
generation capacities. Most of its energy requirements are 
filled through oil, gas and coal. Rapid growth, global 
competition to get access to fossil resources and environmental 
concerns with regard to extensive use of fossil fuel for energy, 
has pushed India to explore other energy options. 

India being a tropical country receives abundant sunlight 
throughout the year across most parts of the country. The 
conversion of sunlight to electricity is an attractive option for 
generation of environment friendly renewable energy. Global 
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concerns on carbon emissions by emerging economies and 
the options available for sustainable development has once 
again brought relevance and renewed R&D focus on solar 
energy technologies. 

International trends in solar energy development primarily 
indicate three approaches while addressing technological issues 
for promoting wider acceptance of solar technologies. First is 
optimising, enhancing and scaling the established technologies 
and methods to achieve higher performance levels at low costs; 
the second is disruptive solutions through intense research and 
the third, novel and need-specific application development. 


x Shivganga 5 MW Thin Film 


The Government of India had launched the Jawaharlal 
Nehru National Solar Mission (JNNSM) on 11 January 
2010 with an objective to promote the development and use 
of solar energy for power generation and other off-grid uses, 
especially considering the growth needs of rural and remote 
sectors in the country. 

The Council of Scientific and Industrial Research (CSIR) 
and the Ministry of New and Renewable Energy (MNRE) 
led national R&D initiative on solar energy “Technologies 
and Products for Solar energy Utilisation through Networks 
(TAP-SUN)’ (Fig 1) envisages to create networks of research 
institutes, academia and the industry with an objective to 
integrate various components of technology development. To 
achieve its objectives, it has established a Network of Institutes 
for Solar Energy called the CSIR-NISE. The virtual network 
of institutes engaged in various activities identified under the 
TAP-SUN programme is depicted in Fig 2. This network 
of institutions is expected to conduct R&D for the creation 
of a new knowledge base and subsequent development and 
deployment of solar energy technologies, products and systems 
in collaboration with the industry. 


The Mission of the TAP-SUN Initiative 
The TAP-SUN initiative envisages the alignment of its 
mission with the targets set by the JNNSM and is likely to 
play a transformational role in bringing the benefits of solar 
energy to the people of India across the pyramid — from the 
bottom to the apex. It also hopes to efficiently network CSIR’s 
vast human capital and infrastructure to meet the scientific 
and engineering challenges and provide total solutions. 
Through its efforts, the programme envisages to deliver 
solar powered systems that are less expensive, more efficient 
and reliable. The programme aims to focus on manufacturing 
and systems integration issues for grid connected solar 
electricity generation as well as demonstrate a wide range of 
off-grid applications for solar energy. 


Objectives of the TAP-SUN Programme 

The TAP-SUN programme seeks to make solar energy 

accessible, cost effective and a fuel of popular choice. In 

doing so, it has enumerated the following objectives: 

@ generate less expensive solar energy; 

@ provide off-grid electricity options to communities/villages 
for powering small appliances and fulfil domestic needs; 
and 

@ develop, demonstrate and deploy new applications of solar 
energy for rural, urban and industrial sectors. 

Based on a careful analysis of the current status of solar 
energy research and technology and keeping in mind India’s 


unique needs, the CSIR had identified several themes which 
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TAP-SUN envisages to align its 
mission to targets set by JNNSM 
and play a transformational role in 
bringing the benefits of solar energy 
to the people of India. 





Fig 1. Technologies and products for solar energy utilisation through 
networks (TAP-SUN) - a CSIR- MNRE collaborative programme 


are either competing or complementary in nature. These are : 
e silicon photo voltaic cell (SPV) — single crystalline and 
multi-crystalline e organic and polymer based solar cells 

e solar paints e dye sensitised and quantum dot 
sensitised solar (DSSC) e thin film solar 
cells @ organic-inorganic hybrid solar cells (OIH) 
e solar thermal and concentrated solar power (CSP) 
e thermoelectric materials/conversion devices @ energy 
storage  materials/batteries/super capacitors @ solar 
energy to chemical and storage 
e efficient lighting systems/devices e balance of systems 
(BoS) including power electronics for grid and off-grid 
applications; and, e solar metrology. 

While SPV, organic PV (OPV), DSSC, thin film, OIH 
and thermoelectric devices are competing technologies in 
terms of power generation; batteries / solar to chemical are 
meant to store solar energy and LED/OLEDs are being 


cells 


energy conversion 


developed to efficiently utilise this energy. Therefore, TAP- 
SUN aims to address all areas of solar energy to bring greater 
acceptability of it as a viable energy option. 

More than hundred scientists drawn from fifteen 
laboratories of the CSIR will constitute the Network of 
Institutes in Solar Energy (CSIR-NISE). A glimpse of 
the activities in diverse areas of solar energy development, 
under the TAP-SUN programme is discussed in the next 
paragraphs. 


August 2012 


Volume 6 æ Iccne 1 


19 


RE Feature 





Solar paint is another area 

which holds promise in terms of 
convenience of preparation of device 
and potential to replace conventional 
solar energy conversion systems. 





NPL NIIST 






NCL CLRI 


Organic Photo Voltaic 





by splitting water for subsequent storage, transportation and 
use. Newer concepts, involving cutting-edge R&D have 
been identified for conversion of solar energy into hydrogen. 

The other important aspect of solar energy would be 
its appropriate utilisation involving efficient/low energy 
consuming gadgets. For decentralised applications, the 
development of white lighting devices (e.g. solar lanterns) are 


CECRI IIP HCT 


Fig 2. Networking of various CSIR laboratories under different activities identified under TAP-SUN 


S&T Interventions Identified Under 
TAP-SUN Programme 
Besides developing established SPV and solar thermal 
technologies in terms of cost, conversion efficiencies, and 
applications, the focus of the activities would be on creating 
next generation flexible solar cells which includes DSSC, 
OPV and OIH. Solar paint is another area which holds 
promise in terms of convenience of preparation of the device 
and potential to replace conventional solar energy conversion 
systems. The TAP-SUN initiative has also identified protein 
based solar cells for harvesting solar energy. Development 
of efficient and stable DSSC and OIH solar cells needs 
significant S&T interventions to achieve commercial 
viability. TAP-SUN has identified the technology gaps in 
these devices and these would be addressed appropriately. 
Since solar radiations are an intermittent source of energy, 
they need to be stored for transportation and use. This is 
expected to promote a more decentralised utilisation of solar 
energy. TAP-SUN envisages to store solar energy into Li- 
ion as well as light weight (for easy transportation) lead-acid 
batteries. Solar energy would also be converted into hydrogen 
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critical and TAP-SUN envisages to develop materials and 
LED/OLED/OLET devices which would efficiently utilise 
solar energy for provisioning white light. 

After establishing prototypes at the laboratory level, 
appropriate industry partners would be identified for scaling 
up and validation of the technology. 

Since, the National Physical Laboratory (NPL), New Delhi 
is the national custodian of primary standards, establishing 
a solar metrology facility at NPL would be a justifiable 
proposition. The facility is well supported by existing 
infrastructure on electronic (current, voltage) measurements 
besides meeting other calibration/standard requirements. 

The TAP-SUN programme of CSIR, therefore, is likely 
to provide suitable solutions involving almost all aspects 
of solar energy utilisation. It is expected that after the 
successtul accomplishment of the envisaged objectives, solar 
energy would become more promising and acceptable for 
decentralised applications. © 


The author is Principal Scientist, Council of Scientific and Industrial 
Research, New Delhi. E-mail sktiwari@csir.res.in 
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for Industrial Process Heat 


There is a huge demand for energy in India in different forms and almost 15-20 
per cent of this is to satisfy the thermal energy requirements in the industrial 
processes. The key resource (solar radiation) is available in large quantities, 
and there is the potential for the supply of this energy in the form of medium 
temperature process heat at relatively cheaper cost. 


Prof. Shireesh B. Kedare $ 7 
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driven cooling machines. As many cooling loads, such as air 
conditioning, have a high coincidence with the availability 
of solar irradiation, the combination of solar thermal and 
cooling obviously has a high potential to replace conventional 
cooling machines based on electricity. Cooling and air 
conditioning is one of the most energy intensive processes 
amongst the various energy consuming applications. Some 
estimates suggest that HVAC (heating, ventilation, and air 
conditioning) networks are to blame for over 30 per cent 
of a building’s energy usage. Thus, any technology that 
can help to save energy in the cooling and air-conditioning 
applications can help to reduce India’s power shortage 
burden to a great extent. 


System Design Parameters and Challenges 
Vast potential exists for the use of solar thermal concentrators 
to meet the IPH requirements in India. However large scale 
use of concentrated solar energy for various IPH applications 


Table 1. Industrial and commercial processes and typical temperature 
range requirements 


Industry / Process * 


Tni 





*Industrial Applications 


€ Applications in Hospitality Sector 
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LFR (800 m°?) for steam generation in Coimbatore 


has not been reported. The important reason seems to be that 
the implementation of such technologies for [PH applications 
poses many challenges. Such systems need to function as per 
the stringent process requirements of the industry in spite 
of variability of solar radiation over the days and seasons. 
Also, the system needs to be reliable within the acceptable 
range. Further, the designer is expected to design a system 
at a minimum cost. In order to overcome these hurdles, it 
was necessary to develop a design methodology and general 
integration approach that can be used for optimally sizing 
the solar concentrators for various IPH applications. 

The solar IPH system needs to be designed properly, 
considering the random nature of the solar radiation as well 
as load characteristics. The key points while designing the 
system are listed below: 


Load Characteristics 
Solar IPH system must be designed according to the process 
with which it is to be integrated. Main parameters to be 
considered are: 

® Quality of load (temperature) 

® Daily energy requirement (kJ/day) 

® Duration of the load (batch/continuous) 

® Medium of heat transfer (steam/water/oil). 
The total energy to be supplied can then be decided based on 
the fraction of the load to be catered to by the solar energy 
system. 


solar Radiation Data 

The output of any solar thermal system is dependent on 
the solar radiation at the place which has both diurnal and 
seasonal variations. Therefore solar radiation data in the 
form of daily solar radiation (kWh/day), hourly data of beam 
normal radiation (kW/m) may be used for the prediction of 
the solar system output and for designing the system. 
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Fig 1. Design space approach for solar industrial process heat optimisation developed at IIT Bombay 


Location of Installation 

The selection of the actual place of installation of the 
concentrator is also important so as to minimise the fractional 
shading of collectors (trees/buildings in the surroundings) 
throughout the year. If the number of collectors is more than 
one, then arrangements need to be made to reduce piping 
involved, to minimise shading of the collectors. 


Storage 

Storage facilities for solar energy are useful to partially/fully 
store the heat supplied by the solar collector. A storage unit 
also acts as a buffer absorbing the output variations that 
occur due to short time fluctuations in solar radiation. In 
fact storage of energy is very useful as it allows a system to 
deliver the energy as per the load requirement. 


Heat Transfer Medium 
Steam: Flow rate should be adjusted such that the flow is 
either in the steam phase (steam content > 90 per cent ) 
or predominantly it in the liquid phase (steam content < 40 
per cent) or the entire piping has to be designed for a two 
phase flow. £ 
Pressurised water: Optimum flow rate to avoid steam 
dprmation a and minimise pressure drop in the line, quality of 
water mugbe ensured to avoid scaling. Flow rate should be 
maintained to avoid sudden steam formation. 
Oil: Properties of the heat transfer oil must be ensured so 
that its Suitable for the temperature range of the application. 
Operating temperature range must lie at least 50°C below 
the boiling temperature of the oil. i 

$ 


E. a 


rfa 


Solar Concentrator 

Solar concentrators must be carefully selected so that they 
are able to supply the load of the desired quality. Collector 
optical efficiency and overall heat loss coefficient are generally 
considered as the important parameters of a concentrator. 


Conclusions 
It can be stated that India is all set to be the future hub for 
large advances in solar technologies. This process is primarily 
driven by the following factors: 
® Firstly, the fact that India’s energy shortfall is almost 
10 per cent, a situation that is expected to deteriorate 
further. Also currently India imports almost 80 per 
cent of its total oil requirements of which almost 15-20 
_ per cent goes to satisfy the thermal energy requirements 
in industrial processes. Hence there is a dire need in 
India for innovations in new technologies that can 
improve this situation and a shift to solar energy is the 
most effective option in the long run. 
® Secondly, India has an abundance of solar energy with 
most parts of the country getting more than 300 days 
of Sunshine in q year. 
@ Lastly, the cost of labour for fabrication and erection of 
solar thermal systems is relatively less. 
Due to these conducive factors, many companies and 
Organisations have been in the forefront in develéping new 
technologies. © 
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Harnessing solar 
Energy at Baru sahib 


It is important to develop a solar cell which will convert solar energy into 
electricity not only efficiently but economically. A number of renewable energy 
devices such as 200 kW solar PV power plants, different types of solar cookers, 

water heating systems installed at Baru Sahib in Himachal Pradesh emphasise the 
need to live pollution free, save grid electricity and fossil fuels 
which will be otherwise required to run machines. 
Prof. I. S. Hudiara and M. P. Singh 


or decades now, solar energy has been considered pollution. Therefore as a natural corollary to the above, it is 
a major source of energy and due to its abundance only right to state that converting solar energy into electricity 
and free availability, it is also hugely economical. is an extremely effective way to solve the energy crisis faced 





Moreover it is environment friendly and causes no by the world today. Once converted, it can be used for 





Fig 1. A view of 200 kW Solar PV power 
plant installed at Baru Sahib 
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Fig 2. A view of the solar water heating system using flat plate 
collectors with heating capacity 500 litres per day at 70°c installed 
at Baru Sahib 





Fig 4. Dish type solar cooker and Scheffer Concentrators for 
community cooking installed at Eternal University, Baru Sahib 


running all types of machinery. India has been blessed with 
a bounty of sunshine for nearly 340 days a year, even up to 
14 hours a day at some places. If all this solar energy were 
to be harnessed and converted into electricity, there would 
be no shortage of power. Currently, the country imports oil 
worth billions of dollars in order to run its transport, light 
up homes and for every other energy need. Solar power on 
the other hand can do all of this and additionally will save 
the cost of transportation of fossil fuels to the power plant. 
With technological advances resulting in cost reduction 
and the government policy of giving subsidies for installing 
renewable energy devices and often installing these devices 
free of cost, solar power has become an extremely popular 
source of energy. 

A striking example of the exemplary use of solar power 


is seen at Baru Sahib in Himachal Pradesh (Fig 1). Here 


Fig 3. A view of evacuated tube collector water heating system installed various equipment have been installed to harness solar 
at Baru Sahib power so that it can be used effectively in everyday life. 
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This is depicted in Fig 2 which shows an assembly of 50 
flat plate collectors connected in series. As the water passes 
through the tubes in these collectors the temperature of the 
water rises as it absorbs radiation from the sun. This solar 
water heating system heats 500 litres of water per day to a 
temperature of up to 70°C. This hot water is being used for 
washing clothes of about 2000 students of a hostel. The cost 
of installing this solar water heating system was about Rs. 
2.0 lakhs but its running cost is zero. 

Another example is illustrated in Fig 3 that shows an 
evacuated tube collector water heating system. It is more 
efficient than the flat tube solar water heating system 
though a bit expensive. It is installed atop the roof of the 
student's hostel and supplies hot water into the bathrooms 
and the kitchen. The running cost is zero though the initial 
cost is high but it saves a lot of wood, coal and diesel which 
would have otherwise been required for heating water. In 
other words, this is a clean, pollution free system which can 
be used in places like hostels and hotels where large amounts 
of hot water are required. 

Considering these advantages, a 200kW solar PV power 
plant was set up at Baru Sahib, Himachal Pradesh by the 
Kalgidhar Trust with financial assistance from the Ministry 
of New and Renewable Energy, New Delhi. The plant 
has been working and producing electricity for close to a 
year and though the capital cost is high, the running cost 
is negligible. The generation of power increases as the day 
advances and reaches its peak at noon. It decreases as the 
angle of the rays falling on the panels changes and finally 
falls to zero when the sun sets. However the power output 
can be enhanced if the solar panels constantly keep tracking 
the sun. This will increase the efficiency of the plant. 


solar Energy and its Uses 

An important advantage of solar energy is the direct heating 
of water for a variety of applications such as swimming 
pools. At Baru Sahib, the solar water heating systems include 
systems with flat solar panels and evacuated tube collectors. 
The other uses are solar cookers and both the dish type and 
the Scheffler type of solar concentrators have been installed 
at Baru Sahib, for purposes like community cooking (Fig 
4). The third use is for lighting purposes and solar PV panels 
have been installed here to fulfil domestic lighting needs. 


Conclusion 

The renewable energy devices installed at Baru Sahib 
are saving electricity which would otherwise have to be 
purchased from the electricity board. The solar cooking 
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A 200 kW solar PV power plant 
has been set up at Baru Sahib by 


Kalgidhar Trust with financial 
assistance from the Ministry of 
New and Renewable Energy. 
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ig 5. Domestic solar PV system installed at Baru Sahib for lighting 


and solar water heating devices installed here are providing 
ample power and thereby saving fossil fuels from 
diminishing further. 

It is imperative that greater efforts be made to create cost 
effective and efficient devices that can convert solar energy 
into electricity. There is also the need to develop asun tracking 
system for the solar panels which will continuously track the 
sun to ensure maximum efficiency of the panels and the 
system as a whole. It is important that we generate electricity 
from solar energy to fulfil our-energy" requirements, save 
billions of dollars of foreign exchange spent on impecting 
oil, reduce our dependence on fossil fuels and eventually 
save the planet from the scourge of pollution. & 


The authors are Principal and Professor, respectively Akal Institute of 
Renewable Research. E-mail: hudiarais@yahoo.co.in 
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A family provided with a solar lantern in a Punsari village, Gujarat 





Solar -Lanterns for 


TRIBAL 
HOMES IN 
GUJARAT 


A study under progress in Gujarat has shown that the solar lantern is the 
most sought after renewable energy gadget in tribal villages. Many villagers, 
including the poor, managed to pay Rs 1000 to own a7 W lantern. ‘The study 
also revealed that proper training of all grown-up members of each beneficiary 
family and the provision of a dependable, low cost and easily accessible facility 
for repairs and maintenance are the most important aspects to ensure that the 
lanterns continue to remain in regular use. 

S. N. Singh, S. Mohana and M. Shyam 





ndia lives in its villages and hence, if the villages are lighting and roads, if met, can go a long way in the 
made self-sufficient, they will have a ripple effectand development of a village in terms of its heath, sanitation, 
lead to the growth and development of the country literacy and awareness. The boon of electricity that urban 
as a whole. The basic requirements of clean water, areas take for granted, is often a distant dream for rural 
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The MoU also included providing 
after-sales-service at the SPRERI/ 
on-site in respect to spare parts and 
labour over a minimum 

period of two years. 


areas that are plunged into darkness once the sun sets. 
However, efforts are being made by the government, 
both Centre and state to bring about a change and a 
step in that direction has been taken by the Sardar Patel 
Renewable Energy Research Institute (SPRERI) which 
has begun implementing a Department of Science and 
Technology (SEED Division) project called ‘Renewable 
Energy Intervention for Rural Development in a select 
tew villages of Dahod and Vadodara districts of Gujarat 
(Table 1) since May 2010. 


Mode and Method of Implementation 
A group of villages was selected for the implementation of 
this project. All the selected villages were fairly large in size 
and comprised of a few hamlets. The houses were scattered 
and, in general, located on the farmland. There existed an 
extensive network of motorable roads connecting most of 
the hamlets. However, a few hamlets could be reached only 
by foot (distances of upto 250m) and were therefore not 
covered under the state electricity board supply. Around 50 
per cent of the houses had access to electricity supply from 
the Gujarat State Electricity Board (GSEB). 
Based on a participatory rural appraisal done in the selected 
villages, solar lanterns were one of the important RE 
gadgets selected for intervention in the villages. The village 
folk were, in general, resource poor. Most of them did not 
have readily available cash that they could use to purchase 
these new gadgets. Besides cash, effective training for proper 
operation and maintenance of the new devices was the other 
important aspect that had to be considered. 

Keeping the above in view, and to ensure that the solar 
lanterns provided to the villagers render satisfactory service 
over their normal life span, the following guidelines were 
adopted for selecting the beneficiaries: 

@ Households which were either not covered by the GSEB 
supply or were unable to avail a GSEB connection, were 
given priority over the others. 

@ Full cost of the solar lanterns was met from the project 
budget. However, each beneficiary contributed Rs. 1000 
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Solar lamp lighting a tribal home in Punsari village, Gujarat. 


fora 7W CFL solar lantern and Rs. 500 for a 2.5 W LED 

solar lantern towards the ‘repair and maintenance fund’, 
@ Repair and maintenance was provided within the selected 

villages. 
To begin with, 10 units of 7 W CFL lanterns and 25 units of 
2.5 W LED lanterns were procured from a firm in Bangalore 
on competitive cost basis and were provided to 35 households 
in Chilakota village during May 2011. All the beneficiaries, 
provided with 7 W CFL lanterns, were satisfied with the 


illumination of the solar lanterns. 


Problems Encountered 

A major issue was that the illumination of the 2.5 W LED 
solar lanterns was reported to be insufficient in carrying 
out most of the domestic activities including reading. It 
was, therefore, decided that all subsequent beneficiaries be 
provided with solar lanterns with 7W LED. 

Also it was noticed that within a few weeks, many of 
the LED solar lanterns and a few CFL lanterns developed 
faults primarily related to insufficient/improper charging. 
The supplier did not have a maintenance centre at the village 
and required that all lamps be sent back to his premises. 
However, this was not a feasible option. Hence it was 
commonly concurred that gadgets selected for use in the 
villages, particularly tribal areas, ought to have a very high 
degree of reliability and adequate service back-up support 
within easy access, if these gadgets have to be effectively 
utilised. 


ba 
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Mitigating Steps taken by SPRERI 

The SPRERI, therefore, pursued and signed an MoU with a 
local firm for the supply of 7W CFL and LED solar lanterns 
equipped with components of standard quality. The MoU 
also included providing after-sales-service at the SPRERI/ 
on-site in respect to spare parts and labour over a minimum 
period of two years. In the beginning five solar lanterns, each 
with CFL and LED lamps were procured and thoroughly 
tested at SPRERI. Thereafter, those were provided to 10 
different beneficiaries in Simal Falia and Raisingpura villages 
during October 2011. All the beneficiaries were satisfied 
with their lanterns and only minor problems such as battery 


Table 1: Information about the villages selected for the solar 
lantern programme 


Particulars | Chilakota | Chedia | Dageria 
(Dahod) | (Dahod) 


Raysing- 


pura 


AVEC Grete) 











No. of 850 1200 260 700 950 
house 
holds 
Areaunder 824 167 -125, 3250 650 
Source of | Mainly rain-fed; a few diesel/ Mainly rain-fed; a few 
irrigation electrical pump sets for lifting diesel /electrical pump 
ground water from open wells sets for lifting ground/ 
canal water 
‘rops 





Solar lanterns provided to selected beneficiaries of Limkheda village in 


Dahod District. 
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The Sardar Patel Renewable Energy 
Research Institute (SPRERI) has 
begun implementing a Department 


of Science and Technology 
project called ‘Renewable energy 
intervention for rural development’. 





discharge and blowing-up of the fuse were reported in respect 
of the LED solar lanterns which were then promptly taken 
care of by the local supplier/SPRERI staff. The local firm 
also thoroughly checked all the 2.5 W LED solar lanterns, 
which were procured earlier from the Bangalore based firm 
and carried out necessary repairs. The cost of the repairs 
(spare parts only) was met from the ‘repair and maintenance 
fund’. The solar lanterns after repairs were provided back to 
the respective beneficiaries and in the current position, are 
all working well. 

Keeping in view the demand of the villagers, 55 more solar 
lanterns (35 CFL and 20 LED) were procured from the local 
firm during March 2012 and provided to the beneficiaries 
during the period of April-June 2012. At this time, regular 


monitoring of the programme is under progress. 


In a Nutshell 

The important points that emerged in implementing the 

solar lanterns project in the selected villages are as follows: 

@ Solar lanterns are one of the most effective and sought after 
RE gadgets in the villages. 

@ The economic conditions of the village are such that 
many villagers desirous of owning a solar lantern, could 
not manage to pay the amount of Rs. 1000, even if it was 
broken up in instalments. 

@ [here isa need to properly train the elders of each beneficiary 
family in order to ensure satisfactory performance of 
the gadget. 

@ The quality and reliability of materials used to create the 
solar lantern ought to be excellent for the smooth running 
of the gadget and for its maintenance free operation. 

@ Dependable, low cost and easily accessible systems for 
repairs and maintenance are a must in order to ensure that 
the solar lanterns continue to remain in regular use. © 


Authors are Senior Scientist, Principal Scientist (Retired) and Director, 
respectively, at Sardar Patel Renewable Energy Research Institute 


(SPRERI) E-mail: director@spreri.org 
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Greenhouse Solar 
Dryer for Grapes 


A hybrid greenhouse dryer that combines thermal energy with a solar PV 
module to generate heat which helps in the drying of seedless grapes, has 
been successfully experimented with. The technology and the success of the 
experiment mean that the same can be utilised for various other industrial 


drying purposes. 


R. Manikantana, K. N. Sheeba and S. Jaisankar 





Fig 1. Hybrid PV-thermal integrated greenhouse dryer 


ontinuous innovations in technology are 


a must, if it has to stay relevant to its time 

and be useful for mankind. The need for 

innovative appliances and equipment that run 
on renewable energy is particularly important at this point 
in time, when all efforts need to be made to ensure that 
the use of renewable energy is popularised and pervades 
every aspect of life, be that an individual’s, an industry’s 
or the society's at large. A hybrid PV-thermal integrated 
greenhouse dryer is a highly effective device that has been 
developed for drying of seeded grapes. The device has been 
integrated with a PV module in the ground near the dryer. 
The PV module produces DC electrical power to operate 
a DC fan for forced mode of operation and also provides 
thermal heating for creating a greenhouse environment. A 


UV stabilised polyethylene sheet has been fitted over the 
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structural frame of the dryer which helps in trapping the 
infrared radiation. In order to show the results, two sets 
of grapes were taken in two trays; one set was kept in the 
hybrid set up and the other in an open condition. The effect 
of temperature, fan speed and wind velocity in drying of 
grapes was studied and the following observations were 
made (i) the amount of moisture removed per day was 
more in the hybrid system than in an open condition. 
(ii) The moisture removed on a cloudy day was more in 
the hybrid system because of the trapped radiation. (iii) 
Drying rate was higher in the hybrid system than in the 
open condition. (iv) The moisture content of the grapes in 
the solar dryer reduced from an initial value of 14.37 per 
cent (dry basis) to a final value of 73.66 per cent (dry basis) 
within 5 days whereas the moisture content of the open 
sun-dried samples reduced from an initial value of 13. 61 





Fig 2. Photograph of grapes before drying 


per cent (dry basis) to a final value of 69.1 per cent in the 
same period. (v) It was also observed that the rate of drying 
was more in the system with PV operated DC fan than in 
the system without DC fan. (vi) It was also found that at the 
end of drying, the quality of grapes in the greenhouse dryer 
was far better since it was not affected by dust or insects. 


Experimentation 
The hybrid PV-thermal integrated greenhouse dryer has 
been developed with constructional details as given in Table 
1. Tables 2 and 3 provide details about the specifications of 
the PV panel and DC fan respectively. As the air at the 
bottom becomes hot, the air moves from bottom to top 
through the perforated wire mesh tray. A UV stabilised 
polyethylene sheet has been fitted over the structural 
frame of the dryer which helps in creating the greenhouse 
effect. It also prevents unnecessary circulation of ambient 
air and thus maintains the desired temperature inside the 
greenhouse. The developed hybrid PV-thermal integrated 
greenhouse dryer is shown in Fig. 1. The quality of grapes 
before and after drying is shown in Figs. 2, 3 and 4. 

The experiments were conducted in the month of 
November 2010 between 10:00 to 16:00 hours and the 
grapes were covered with plastic during off drying hours 


Table 1. Constructional details of the solar greenhouse dryer 





Ceiling of dryer 1.5m 

Floor area of dryer 1.2m x 1.2m 
Height of side walls from ground 0.65m 

Area of door 0.55m x 0.35m 
Area of wire mesh 0.62m x 0.47m 


Glazing UV- stabilised polyethylene of 


0.10 mm (100 pm) thick 
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It has been found that at the end 


of drying, the quality of grape in 
greenhouse is good since it is not 
affected by dust and insects. i 


experimental study 





Table 2. Specifications of the solar panel used for the 


Maximum power (Pmax) 80 Wp 

Open circuit voltage (VOC) 22.03 V 
Maximum power Voltage (Vmp) 18.00 V 

Short circuit current (ISC) 4.70A 
Maximum power current (Imp) 4.44 A 
Tolerance +10% 

Cell size (mm) | 62.5 x 12.5 
No. of cells 36 
Dimensions (mm)+1 mm 650 x 550 x 38 
Temperature coefficient NOCT (45°C) 
VOC (mV/°C) -105 

ISC (mA/°C) -0.32 

Pmax (%/°C) -0.45 

Fill factor 0.88 


to prevent moisture gain from the surroundings. For the 
closed system, 500 gms of the sample was taken in the 
wire mesh and kept in the greenhouse dryer. Similarly 
for the open system, 500 gms of sample was taken in 
the wire mesh and kept in open conditions for drying. A 
PV panel was kept on the floor near the dryer and a DC 
fan was connected to the PV panel through a rheostat 
and adjusted to its rated voltage. The air that entered at 
the bottom of the dryer would get heated up and flow 
through the wire mesh thereby removing the moisture 
content from the grape surface. This hot air was removed 
forcibly from the dryer by a DC fan through the vent; 
this method is called forced mode of drying. The speed of 
the fan was directly related to the output of the PV panel 
which in turn depended on the solar radiation. Thus the 
speed of the fan varied with the amount of radiation. The 
experiment was conducted for a duration of 7 hours per 
day. For every hour, the weight of grapes in an open and 
closed system, speed of the fan, wind velocity, surface 
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ped energy in greenhouse 
Maintains the temperature 


drying is higher than in the open 
| system. 








Fig 3. Photograph of grape after drying in open conditions 


temperature of grapes and dryer air temperature were 
noted and tabulated. 


Results and Discussion 

Variation of moisture removal in open and closed 
systems: As shown in graph 1, the moisture removed 
from the grape increases gradually during the morning 
hours and reaches its highest in the midday and again 
decreases gradually. The amount of moisture removed 
from the grapes is maximum at noon because the moisture 
from the surface of the grape is easily removed without 
much radiation, and then the extent of moisture removal 
decreases as the time elapses. As expected, the amount of 
moisture removed from grapes in the greenhouse (closed 
system) is more than in the open system. It is also observed 
from the graph that the rate of moisture removal in the 


Table 3 Specifications of the DC fan used for the 
experimental study 


Rated current (I) 12A 
Rated power (W) 20 
Maximum speed (m/s) 4.5 
Fan diameter (m) 0.15 
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closed system is comparatively greater than in the open 
system. This is due to the fact that the trapped energy in 
the greenhouse system maintains the temperature inside 
the dryer and hence the rate of drying is higher. 

Variation of temperature with time: The surface 
temperature of the greenhouse dryer was less than 
the open system during the initial stage. Then, as the 
radiation increased the heat trapped in the greenhouse 


a ae 
eS A 





Le 

for. 
m 

a. 


Aa Ra 


house drying 


Fig 4. Photograph of grape after green 


also increased gradually, and was higher than the open 
system at midday. Though the radiation decreased after 2 
pm, heat trapped in the greenhouse remained, leading to 
temperatures higher than that in the open system. Due to 
this stored energy in the greenhouse system, the surface 
temperature during a cloudy day was higher than that in 
an open system, as shown in graph 2. 

The temperature that was being observed during all the 
days of experimentation was highly fluctuating for open 
systems due to the local weather conditions in Trichy, 
Tamil Nadu. But a nearly constant temperature was 
observed within the greenhouse system. 

Variation of moisture removal with air velocity in both 
open and closed systems: In the greenhouse system, 
the speed of the fan plays an important role in moisture 
removal. The effectiveness of the dryer could be increased 
by removing the hot air from the dryer. In order to obtain 
maximum amount of moisture removal, the fan speed 
should be more than the wind velocity. Moisture removal 
was at its peak in the closed system during midday and 
decreased gradually due to reduced fan speed. On a 
cloudy day if the light intensity is sufficient to drive the 
fan at rated speed, then the moisture removal will be at its 
highest in a closed system of drying. It has been observed 
from the experiments that more the air velocity, more the 
moisture removal from the system. In the case of open 
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Graph 2. Variation in surface temperature of grapes with time for open 
and closed systems 
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Graph 3. Daily variation of cumulative moisture removal from grape 
for open and closed condition 


drying, the same trend has been obtained, but it does not 
seem to be more appreciable than the green house system. 
Daily variation of cumulative moisture removal 
from the grape: It was observed that the moisture 
removed in the greenhouse condition is more than in the 
open condition during a cloudy day due to the trapped 
radiation in the dryer. It was noted from graph 3 that the 
cumulative moisture removal from grapes in greenhouse 
condition was nearly equal to the open condition. 
However, the evaporation rate may have been higher at a 
higher air flow rate of a fan in the greenhouse condition. 
However, the difference in moisture removed between 
the open and greenhouse drying was negligible because 
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of the poor weather conditions. Significant results can be 
obtained at higher intensities of solar radiation. 
Variation of moisture content with time using a DC 
fan: Moisture content is taken on dry basis and has 
been calculated by an equation. It was observed that 
the moisture content removed in the closed system was 
slightly more than in the open system. The moisture 
content of grapes in the solar dryer was reduced from an 
initial value of 14.37 per cent (dry basis) to a final value 
of 73.66 per cent (dry basis) within 5 days whereas the 
moisture content of the sun-dried samples was reduced 
from an initial value of 13.61 per cent (dry basis) to a final 
value of 69.1 per cent (dry basis) within the same period. 
Variation of moisture content with time in greenhouse 
system without using DC fan: In order to ascertain the 
effectiveness of a solar dryer, a sample experiment was done 
without using a fan. The performance of a greenhouse 
dryer without a DC fan was studied and compared with 
the open system to elucidate or justify the use of a DC 
fan. It was observed that the moisture removed in the 
greenhouse system was slightly more than that in the 
open during the initial and final period. During midday, 
the moisture removed was more in the open system than 
in the closed system. The moisture content of the grapes 
in the solar dryer was reduced to a value of 6.82 per cent 
(dry basis) whereas the moisture content of the sun-dried 
samples was reduced to a value of 6.12 per cent (dry basis) 
in the same period. By comparing graph 4 and 5, it was 
observed that the moisture removal was higher in the 
solar dryer that had a DC fan operating. 

Rate of drying of grapes with DC fan: Rate of drying 
gives the rate at which the moisture is removed, higher 
the value more effective is the system. It was observed 
that the rate of drying was constant during the first day 
of the experiment; this was because of the removal of 
surface moisture from the grapes. It was constant up to 
critical value after which it decreased gradually. This rate 
was higher in closed than in open systems as shown in 
graph 6. The rate of drying decreases linearly with respect 
to moisture content. Drying followed the falling rate 
regime and no constant rate regime was observed. The 
falling rate was characterised by the moisture transfer by 
molecular diffusion. It was influenced by the moisture 
content and the temperature of the material. According 
to the experiments, the temperature of drying appeared 
to be the most important factor affecting the rate of 
drying. The kinetics of drying are highly dependent on 
the temperature. However it has been observed that the 
presence of a DC fan accelerated the rate of drying as 
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Graph 4. Comparison of moisture content of open and green house 


systems with time using a DC fan 
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confirmed from the graphs. 

Rate of drying of grapes without using DC fan in 
greenhouse dryer: To find out the rate of drying in 
the greenhouse dryer without using a DC fan a sample 
experiment was conducted. The results showed that the 
rate of drying in a greenhouse dryer without fan was 
greater than that in an open condition, it was observed 
that in the initial stage, the drying rate was constant 
upto the critical point, after which it decreased gradually. 
It was observed from the above figures that the rate of 
drying without the use of the DC fan were lower when 
compared to that with the DC fan. However the trend for 
open and closed systems of drying was found to be similar 
for both the systems (with and without DC fan) and in 
that, the closed system dominated in performance. 


Conclusions 

To sum up the following conclusions may be drawn. 

m During the drying of grapes, solar radiation increases 
sharply from 10 am to noon, reaches its peak and then 
decreases considerably. Hence the maximum amount of 
moisture removal is observed during the afternoons. 

m In the greenhouse dryer, moisture removal depends on 
the speed of the fan. Since the radiation varies from 10 
am to 4 pm, the speed of the fan also varies according to 
it. During noon, the fan rotates at its maximum speed. 
Thus the greenhouse dryer is most effective during the 
afternoon. 

m The weight of the greenhouse grapes was lesser than those in 
the open condition by the end of the experiment implying 
that the amount of moisture removed from the grapes in 
the greenhouse is more than that in the open system. 

m [he measurement results illustrate that the drying rate for 
greenhouse is more than in the open system. However, 
during cloudy days, the drying rate for both systems is 
nearly equal. 

m From the experimental studies it is observed that the 
amount of moisture removed from greenhouse is higher 
than that in the open system, even without using a 
DC fan. Though on an experimental basis, the exercise 
has made it clear that the greenhouse solar dryer is a 
promising appliance since it is based on renewable energy 
and with effective marketing can be used for various 
drying purposes. © 
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is Important in India 


Energy is the golden thread that connects economic growth, increased 
social equity, and an environment which powers the world to thrive. 
Widespread energy poverty condemns billions to darkness, to ill health, 
and to missed opportunities for education and prosperity. ‘This poverty 
must end and renewable energy is the only way it can do so. 


Heera Lal 








ndia is a land of abundant resources. She is endowed 
with water bodies, ample land for agriculture, plenty 
of natural resources. However, the truth is that she 
also has an abundant population and extreme poverty. 
Her rivers are polluted and dying. Her mines are being 
incessantly dug to extract minerals. Her forests are fast 
depleting in the name of growth and development and there 
exists a huge disparity between urban India and rural India, 
displaying a large lopsided growth. But resources are meant 
to be shared by all. India needs growth that is sustainable 
and emancipates all sections of society. However, there are 
many roadblocks in attaining this. 

Persistent electricity shortage is a key bottleneck in the 
sustainable growth of India. Our per capita consumption 
(778 kW) is one of the lowest in the world as compared to 
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at Hotel Babyłon, 
Raipur 


the world average of 2600kW. Approximately 80.9 million 
households are yet to be electrified and 42 per cent of the 
rural masses still use kerosene-based lighting which means 
that they pay 20-30 times more than they would pay for 
electricity based lighting. Supply is not sufficient even in 
urban areas and at least 6 to 7 per cent of urban households 
too use kerosene-based lighting. 

The Twelfth Plan’s approach paper states that for GDP 
to grow at a rate of 9 per cent, commercial energy supplies 
will have to grow at a rate between 6.5 and 7.0 per cent 
yearly. It suggests a 100 GW power capacity addition for 
the plan period 2012-17. An International Energy Agency 
(IEA) report concludes that India will need around 800- 
1200 GW by 2050 as compared to the present 199 GW 


capacity. 
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Approximately 80.9 million 
households are yet to be electrified 


and 42 per cent of the rural masses 
still use kerosene-based lighting. 





Coal, oil and gas are non-renewable fossil fuels that take 
millions of years to form and their reserves are fast depleting. 
About 65 per cent of the country’s electricity is generated 
from coal and oil. Low calorific value, less production 
capacity and the growing demand for power has forced 
India to import about 20 per cent of its coal requirement. 
India imports almost 76 per cent of its oil requirement 
from middle-eastern countries and meets the rest by local 
production. 

A rising India should give due heed to the challenges 
posed by her enormous energy needs. Oil and coal will 
remain the chief sources of energy for the foreseeable future. 
As a result, India will remain highly reliant on potentially 
unstable countries for its energy needs. The erratic 
fluctuations in the prices of crude oils and fossil fuels are 
a cause of great concern. This affects the masses, impacts 
business and commerce. It affects inflation rates and sends 
prices skyrocketing. Families feel the pinch when they 
go to buy their basic needs. However the demand for oil 
is growing with the high requirements of power. Hence it 
looks obvious that the price of oil will keep rising. 

Energy security thus is a critical issue for India. It has a 
political angle too and has attracted the attention of eminent 
world thinkers and politicians. Former president Dr. A P J 
Abdul Kalam once said ‘Energy independence is the lifeline 
of a nation.’ Indeed energy was a major election issue in 
Barack Obama's 2008 campaign. He wanted to get rid of 
USA's dependence on the Gulf countries due to oil import 
and promised a $15 billion yearly investment for research 
on green energy. On March 30, 2011 he stated ‘My country 
cant afford to bet our long-term prosperity and security on 
a resource that will eventually run out. Therefore it is time 
to do what we can to secure our energy future.’ 

India stands 6th in energy consumption with very little 
resources. What's interesting is that the US has made consistent 
efforts to reduce its dependence on oil imports from the Gulf 
and has successfully seen a decrease in its oil import by 12 
per cent. But in India’s case it has been quite the opposite 
with dependence on oil import rapidly increasing. Which is 
why, India must take serious endeavours to secure and control 
her energy future. This is possible only by harnessing all the 
available resources within a diverse energy portfolio. 
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India is fortunate enough to be endowed abundantly with 
renewable energy (RE) resources such as solar, wind, biomass, 
small hydro etc., which are widely distributed across the 
country. These can be utilised through commercially viable 
technologies to generate power. RE technologies are based on 
inexhaustible resources. These technologies offer sustainable 
energy alternatives to a world beset by serious environmental 
problems and volatile fossil fuels. 

In fact RE has started showing a visible impact in the 
Indian energy scenario. The good news is that it accounts 
for about 12 per cent of the total national electric installed 
capacity. Decentralisation based RE and its distributed 
applications have benefited millions of rural folk and 
is meeting their cooking, lighting and other energy 
requirements in an environmentally benign manner. 

It is important to point out that RE has social, political 
and economical implications too. It helps reduce poverty 
among the rural masses by supplying clean energy. It also 
generates employment at the village level and ultimately 
leads to self-sustenance and an overall improvement in the 
standard of living coupled with the creation of opportunities 
for various economic activities that are not possible in the 
absence of power. Per se, the non-availability of power is 
a social issue for political actors and RE often provides 
politicians with a trump card that they can use to solve this 
social problem in remote areas for political gains. 

The Indian RE programme is primarily private sector 
driven. It offers significant investment and business 
opportunities. New investment in renewable energy has 
now exceeded US $10 billion yearly. India’s huge potential 
is likely to be more than 150 GW. Yet, resources from 
plantation on wasteland and offshore wind farms have not 
yet been mapped. These have significant generation Capacity 
and need to be harnessed. The already potent solar power 
is likely to create a bigger impact with improvements in 
technology as solar power generation has contributed more 
than 500 MW in one year. 

RE has the potential to transform energy markets 
across the world. Globally, the clean technology industry 
is considered the next big high-tech industry (like the IT 
sector) on the horizon. Recognising the sector’s potential, 
India should make a strategic plan for overall growth 
based on the Mahatma Gandhi model which begins by 
strengthening rural India through RE. There are thus many 
strong reasons for placing high priority on renewable energy 
development. © 


The author is Secretary and CPO, Uttar Pradesh New and Renewable 
Energy Development Agency (UPNEDA) 
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An explicit example of efficient use of renewable energy in grappling 
with serious power cuts during the blistering summer in Deoghar - 
residents received many hours of respite with the new 14 MW solar plant 


commissioned under the JNNSM of MNRE. 


Col. Ajay Reddy 


14 MW Solar Power Plant at Deoghar, Jharkhand 





he increasing popularity of solar power as of New and Renewable Energy (MNRE) particularly 
an alternate means of generating energy for through its Jawaharlal Nehru National Solar Mission 
consumption is fast gaining ground thanks to the (JNNSM) is encouraging, both infrastructure-wise and 
impetus it is receiving. The fact that most parts financially with the setting up of new solar power plants 
of India enjoy more than 300 days of sunshine in a year is in various parts of the country. This activity is a catalyst 
itself a good reason to tap this eternal source. The Ministry of social change because it is leading to various other 
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6 MW Premier Solar, Deoghar, Jharkand 


developments as a consequence of power availability. A very 
good example of this is Deoghar, a small town in the state 
of Jharkhand, wherein a number of solar power projects are 
being implemented with the support of the MNRE and the 
Government of Jharkhand. These projects have created a 
unique infrastructure by concentrating a variety of solar PV 
technologies and equipment in one area and are ready to 
catapult Jharkhand as a leader in the solar energy arena. A 
14 MW solar PV power plant, set up under the JNNSM’s 
Rooftop PV and Small Solar Power Generation Programme 
(RPSSGP), is an excellent initiative in this direction. Seven 
separate developers including Enertech Engineering, PCS 
Premier, KVR Constructions, Premier Solar Systems, AKR 
Constructions, New Era Enviro Ventures and Saimeg 
Infrastructure have integrated their collective might and are 
supporting and promoting this plant. 

These companies hired Premier Solar PowerTech which 
commenced work in December 2011 and completed the 
design, procurement and construction of a 2 MW solar 
power plant in less than three months. Additionally, Premier 
commissioned another 2 MW plant of its own, quickly 
followed by a 2 MW plant set up by New Era, just 35 days 
after the commissioning of the first plant. This rapid launch 
was continued by Enertech and KVR Constructions who 
also set up new plants. 

At this time, Deoghar was undergoing a severe power 














crisis owing to the damage caused by the storm to one of its 


main feeders. It was a hot summer and the power shortage 
was severe. During this period of crisis, Deoghar drew 
power from these five commissioned solar plants and all 10 
MW of solar power was distributed within the Deoghar 
circle by continuous switching between consumers. 

In the first week of June 2012, just seven months after 
breaking ground at Deoghar, the EPC commissioned two 
more 2 MW plants of AKR Constructions, and Saimeg 
Infrastructure, completed a record-breaking fast track 
construction of solar power plants generating 14 MW of 
solar power. The EPC contractor used solar modules of 
thin film technology, which were imported from Schott 
Solar Germany and Crystalline Technology, and were 
indigenously manufactured at Premier Solar. The inverters, 
which are the heart of the plant were imported from four 
different inverter companies — AEG Germany, Delta 
Germany, Powerone China and Eltek Norway which gave 
the EPC contractor very high end information about the 
technology, competence, marketing and after sales service 
of each of these companies for future reference. The DC 
cables were imported from Lapp Germany, while, several 
other minor accessories were imported from other foreign 
countries. The galvanised steel structures were brought in 
from Hyderabad along with some pre-fabricated control 
rooms. 
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All of the 10 MW of solar power 
generated was distributed by the 


Deoghar circle by continuous switching 
between consumers which immensely 
benefited the locals. 





The power from this 14 MW plant was fed to the 
Baidynathpur power sub-station at 11 kV. In doing so, the 
developers constructed an overhead transmission line of 
43 km using an aerial bunched cable, with seven cables 
running on a single pole over a distance of 6.5 km, for 
the first time in India. The design, procurement and 
construction of this incredible transmission line was a 
major task considering the fact that the line had to pass 
through three villages, and a part of the township of 
Deoghar, negotiating several 90 degree bends and 33 kV 
overhead transmission lines each of which needed several 
shutdowns. 

The Baidynathpur power sub-station which is a 33/11 
kV sub-station generates electric supply for a substantial 
portion of Deoghar town. With a peak demand close to 
70 MW, the sub-station had four transformers of 5 MVA 
each. In order to receive power from the solar power plant, 
it was imperative to ensure the parallel operation of these 
four transformers. Since the rating of each of these four 
transformers was different, Premier Solar undertook the 
herculean task of exchanging three transformers from other 
sub-stations, and procuring a new 5 MVA transformer 
with the help of the Jharkhand State Electricity Board 
(JSEB). These new similar transformers were then installed 
at the Baidynathpur sub-station incurring a power outage 
of only 20 hours. The entire sub-station was modernised 
with remote operated breakers, C&R panels, modem 
monitors, parallel operation, common bus and of course 
cosmetic upgradations, to give the JSEB sub-station a new 
look and to enable it to compete with the most modern 
sub-stations in India. 

Indeed this heralds new beginnings for the state of 
Jharkhand particularly in the area of solar power and more 
projects such as these need to be set up in the second phase 


of the JNNSM. & 


The author is Vice President, Premier Solar, Hyderabad, Email: 
ajay.reddy@premiersolarepc.com 
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Renewable Energy in 





the North Eastern States 


Various renewable energy programmes have been implemented in the North 
Eastern states of India making everyday life of the residents better and easier. 





Fig 1. A solar panel of home lighting system on floating island in Loktak Lake, Manipur 


he importance of energy in today’s economy 


cannot be discounted and it is absolutely 
imperative that economic development benefits 
all equally and does not become lopsided. Keeping 
this in mind, in the run up to making India an energy 


efficient country, special attention is being given to the 
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development of the eight states of the North-Eastern (NE) 
region of the country through separate budget allocation 
for various renewable energy programmes. The Ministry of 
New and Renewable Energy (MNRE) has allocated 10 per 
cent of the budgetary support for the deployment of biogas 
plants, solar thermal systems, solar PV systems, remote village 


Fig 2. SPV power plant in Mizoram 


electrification, small hydro projects, wind energy systems, 
village energy security projects and energy parks. Against an 
allocation of 120 crore, as 10 per cent of the gross budgetary 
support (GBS) at RE stage for NE Region, an amount of 
109.49 crore has been released during the year upto February 
293 AOL2. 


SOLAR PV PROGRAMME 
During 2011-12, the Ministry had sanctioned 15000 solar 
lanterns and 5000 home lights for the earthquake affected 
people in Sikkim along with six standalone power plants of 
530 kW in different government buildings also in Sikkim. In 
Arunachal Pradesh, two 100 kW standalone solar PV power 
plants were sanctioned for installation at police battalions 
along with 4373 solar home lights to be distributed in remote 
villages. Around 220 solar street lights and another 220 
solar home lights were sanctioned for Aryabhatta Science 
Centres throughout Assam. In Manipur, stand-alone solar 
PV power plants of capacity aggregating to 802 kW and 
200 solar street lights were sanctioned (Fig. 1). Another 
project for installation of power plants with aggregate 
capacity 354 kW was also sanctioned for the DC and BDO 
Offices in Assam. In Nagaland, a project was sanctioned 
for the installation of 47 solar power plants of aggregated 
capacity of 670 kW for government buildings in Kohima. In 
Mizoram, solar PV power plants with an aggregate capacity 
of 761 kW were sanctioned for installation (Fig 2). A project 
for the installation of solar power plants at 66 police stations 
was sanctioned in Tripura. 

During 2011-12, the state renewable energy development 
agencies reported installation of 496 solar lanterns, 319 solar 
home lights in Arunachal Pradesh and Nagaland, 30 street 
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Fig 3. SPV Street Light in a Remote Village, Assam 


lights in Sikkim, 3 solar pumps in Arunachal Pradesh and 
266 kW standalone solar PV power plants in Assam (Fig 3.) 
and Nagaland. 


SOLAR THERMAL PROGRAMME 

The Ministry is promoting the use of solar water heaters 
under an off-grid programme on solar energy applications by 
providing financial support in terms of capital subsidy and 
soft loans. The support for the NE states is available up to 
60 per cent of the cost of the system subject to a benchmark 
of Rs 6600 and Rs 6000 per sq m of solar collector area 
for flat plate and evacuated tube collector based systems, 
respectively. Alternatively, soft loans at an interest rate of 
5 per cent onwards up to 80 per cent of the benchmark 
cost of solar water heating systems may be availed under 
this scheme. 


REMOTE VILLAGE ELECTRIFICATION 
PROGRAMME 


The Ministry is also actively implementing the Remote 
Village Electrification (RVE) Programme for providing 
financial support for lighting/basic electricity, using 
renewable energy sources. Villages in the NE region, 
including Sikkim are most suitable for electrification 
through stand alone renewable energy devices since they are 
too remote to be electrified through grid extension. 

So far, 3186 remote villages and hamlets have been 
provided renewable energy based systems and projects 
in another 400 remote villages and hamlets are under 
implementation in various NE states. © 


Source: The Ministry of New and Renewable Energy, Govt. of India. 
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Success Story 


Indigenous Solar Dish 


for Industrial Process 


First ARUN” dish was installed in Mahananda Dairy in Latur, 
Maharashtra in 2006 which continues to save about 100 to 115 
litres of furnace oil on a clear sunny day. 





n indigenously developed solar dish commonly 
Åre as the ARUN?” solar dish is a Fresnel 

paraboloid solar concentrator with a point focus 
and has been developed by Clique Solar (P) Ltd, Mumbai, 
with the financial support of the Ministry for New and 
Renewable Energy(MNRE). The first ARUN” dish was 
installed at the Mahananda Dairy in Latur, Maharashtra 
in 2006 and it continues to save about 100 to 115 litres of 
furnace oil on a clear sunny day. These dishes have now 
been installed at various locations across India for diverse 
applications ranging from milk pasteurisation to effluent 
treatment, steam for laundry, community cooking, comfort 
cooling, etc. The installations include Mahindra Vehicles 
at Chakan in Pune, Turbo Energy Limited near Chennai, 
Heavy Water Board near Kota, ITC Maurya in Delhi and 
B.G. Chitale Dairy near Sangli. 

At Mahananda dairy, a single ARUN” dish is being used 
for hot water generation for milk pasteurisation. The system 
pressure and temperature is 18 bar and 180°C, respectively. 
Due to a mismatch in the working hours of the plant and the 
availability of the sun, an insulated pressurised water storage 
tank with a capacity of 5,000 litres has been provided for the 
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ARUN” solar dish 


non-solar hours of operation. This pressurised water is the 
medium of heat transfer and storage as it has high specific 
heat, no fire hazards, no possibility of overnight accelerated 
oxidisation (as in the case of tarring of thermic oil), 
compatibility with food products and low operational cost. 
A single ARUN? dish continues to save about 20,000 litres 
of furnace oil per year, even after 5 years of its installation 
and commissioning. Another example of its usage is the 
fact that Turbo Energy Limited has successfully installed 
an ARUN” dish for fulfilling its hot water requirements for 
operating a 40 TR vapour absorption machine (VAM) for 
air-conditioning for its administration block. Pressurised 
water at 180°C is required for the VAM to operate at an 
optimal level. The return temperature of the hot water is at 
160°C. The solar circuit is kept pressurised at 15 bar using 
the nitrogen pressurisation system. The nitrogen cylinders 
are connected to the expansion tank in the circuit, for 
this very purpose. In this case also, the ARUN” dish saves 
an equivalent of 35,000 to 40,000 litres of high speed diesel 


per annum. © 


Source: Ministry of New and Renewable Energy, Govt. of India. 


Success story 





Solar Energy Centre Shows the Way 


Innovative solar thermal power utilities are being developed in the 


premises of the Solar Energy Centre of the MNRE. 





megawatt scale national facility is being developed 
A: the premises of the Solar Energy Centre of the 
Ministry of New and Renewable Energy (MNRE). 
The project is a one of a kind initiative being implemented 
through a partnership of academia and the industry. 
The Indian Institute of Technology (IIT) Bombay, is the 
main implementing institution of the project, along with 
a consortium of industries, which includes Tata Power, 
Mumbai; Tata Consulting Engineers, Larsen and Toubro, 
Mumbai; Clique Development Pvt. Industries Ltd., Mumbai; 
KG Electronics, Coimbatore; KIE Solartherm, Pune; and, 
Solar Energy Centre, Gurgaon. ‘The project was sanctioned 
in September 2009 and will result in the establishment of 
a national test facility for solar thermal power components 
and systems. To facilitate this, the design/development and 
setting up of a 1 MW grid interactive solar thermal power 
plant is envisaged. About 90 per cent of the work in this 
regard has been completed, and the facility is likely to be 
operational by March 2012. In a first of its kind effort, this 
research plant is making use of parabolic trough technology 
for indirect heat generation while linear Fresnel collectors are 
being used to generate direct steam. Pictorial presentation of 
the facility under installation is shown above. 
The the 


launched in July, 2011, and its next version with 


preliminary version of simulator was 
enhanced capability is ready for launch during this year. 
The development of the solar power plant simulator is expected 
to help in simulation of different scenarios in solar thermal 
power generation and also for the purpose of simulating 


scaling up of capacity of solar thermal power plants. © 
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he world’s first solar thermal cooling system using 
| triple effect vapour absorption technology was 
successfully implemented at the Solar Energy 
Centre of MNRE at Gurgaon, near Delhi in 2011. The 
system combines low cost, highly efficient parabolic 
trough concentrators integrated with a triple effect vapour 
absorption machine which provides the highest efficiency 
at the lowest cost and can become a strong competitor to 
electricity driven systems. 

The system has been implemented on a public-private 
partnership basis under the RD&D programme of the 
MNRE wherein 50 per cent of the cost of the project 
has been borne by the Ministry and the rest by Thermax 
Limited, Pune. It’s a 100 kW cooling capacity system 
developed by the industry in collaboration with the Solar 
Energy Centre. A total of 284 sq m of collector area has been 
used to generate 60,000 kcal of heat to provide pressurised 
hot water at 210°C. 

It is a stand-alone system for day time use and can 
take care of intermittent clouds. The system has a built-in 
thermal energy storage for heat and cooling using phase 
change materials (PCM) which helps in meeting the 
cooling demand continuously, irrespective of variations in 
solar energy. It has been operating since June 2011 and has 
achieved cooling coefficient of performance of 1.65. ‘The 
system is very useful for offices and institutions working 
during the day especially in areas of higher solar radiation 
where air-conditioning demands are also high. © 


Source: Ministry of New and Renewable Energy, Govt. of India. 
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R&D Conclave on New 





and Renewable Energy 








ik Ministry of New and 
Renewable Energy (MNRE) 
organised a two-day ‘R&D 
Conclave on New and Renewable 
Energy on 9 and 10 August 2012 

at Vigyan Bhawan, New Delhi. Dr. 
Farooq Abdullah, Hon’ble Minister 

of New and Renewable Energy 
inaugurated the Conclave. Dr. R. 
Chidambaram, Principal Scientific 
Advisor, Government of India, Shri 

B. K. Chaturvedi, Member (Energy), 
Planning Commission, Government 
of India and Shri Gireesh B Pradhan, 
Secretary, Ministry of New and 
Renewable Energy addressed the 
participants during the inauguration. 
A compendium on the current R&D 
projects was also released by Dr. Farooq 
Abdullah. The Conclave was aimed at 
presenting the on-going R&D projects 
funded by the MNRE, and to seek the 
views of the related stakeholders for 
faster development of renewable energy 
technologies in the country. Eminent 
scientists engaged in research and 
development activities in the new and 
renewable energy sector, policy makers 
from relevant government departments, 
experts from R&D institutions, 
organisations, industries etc. actively 


participated. 
Dr. Faroog Abdullah said that the 
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vision of the MNRE is to develop 
technologies, processes, materials, 
components, sub-systems, products 
and services at par with international 
specifications, standards and 


performance parameters for renewables, 
and deploy such indigenously 
developed and/or manufactured 
products and services in furtherance 

of the national goals of energy security 
and energy independence. 

The MNRE has, so far, sponsored 
169 R&D projects in the area of solar 
energy, bio-energy and hydrogen and 
fuel cells with a total outlay of about 
Rs. 525 crore. Shri Gireesh Pradhan, 
Secretary of MNRE expressed the 
view that research should be directed 
towards application and deployment. 
Only then will renewable energy 
improve the lives of people. In all, about 
19 scientists presented the outcomes 
and results of their projects. The 
discussion during the session focussed 
on solar PV and solar thermal, new 
fuels and bio-energy technologies 
and provided an insight into possible 
projects to be taken up in the 12th 
Plan. The Conclave concluded on 10 
August 2012 with a panel discussion 
under the chairmanship of Dr. R. 
Chidambaram, Principal Scientific 
Advisor to the Government of India. 


The panel included Dr. T. Ramasami, 
Secretary, Department of Science and 
Technology, Shri Gireesh Pradhan, 
Secretary, MNRE, Prof. R. Natarajan, 
Former Chairman, AICTE and 
Director, IIT Madras, Prof. Vikram 
Kumar, IIT Delhi and Prof. S. 
Srinivasa Murthy of IIT Madras. 

‘The panelists commended the efforts 
of the MNRE in promoting R&D 
in new and renewable energy and the 
achievements thereof by the respective 
project investigators. They mentioned 
that the workshop was timely and 
recommended that R&D efforts be 
scaled up along with greater industry 
involvement. Dr. R. Chidambaram, 
stressed that since the storage of 
renewable energy is critical, hence, 
R&D in this area should be vigorously 
pursued. In view of the constraint 
of funds, the Secretary MNRE 
emphasised the need to prioritise 
areas for directed research and greater 
partnership with industry and in his 
concluding statement acknowledged 
that the two day Conclave had 
provided a platform to all research 
professionals to share their experiences 
and exchange and air their views on the 
current trends in R&D. © 


Courtesy: Ministry of New and Renewable 
Energy, Government of India. 
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National Workshop 


on Solar Water Heaters 
To Accelerate Demand 





Event 











and Market Viability 


Te Ministry of New and 
Renewable Energy (MNRE) 
organised a ‘National 
Workshop on Solar Water Heaters’ 
under the UNDP-GEF supported 
project on solar water heaters, at 
Vigyan Bhawan on 23 August 
2012. Implemented by the Ministry 
in September, 2008 the project is 
proposed to be completed by 31 
December 2012. The basic objective 
of the project is to accelerate the 
growth of the solar water heating 
market by generating market demand, 
strengthening supply chain, adopting 
qualitative measures and establishing 
a supportive regulatory environment. 
The half day workshop delivered 
various knowledge documents 
and products and highlighted the 
various activities undertaken by the 
project. Awards and Certificates of 
Appreciation were given away by Dr. 
Farooq Abdullah, Minister for New 
and Renewable Energy, to all the 
stakeholders, in recognition of their 
contributions to the project. A total 
of 13 awards were distributed for the 
excellent contributions by state nodal 
agencies, municipal corporations, and 
channel partners of the Ministry. 
_ Speaking on the occasion, Dr. 
Farooq Abdullah emphasised the need 
to explore and tap new and renewable 
sources of energy to meet energy 
needs and protect the environment 
from greenhouse gases. He further 
stated that there is abundance of 


solar energy available in most parts . 
! 


of the country but to tap it for 
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electricity generation or for other 
useful purposes is the key. To make it 
affordable and cost effective, sincere 
efforts have to be made and suitable 
policies have to be formulated, the 
Minister said. A total of around 1000 
MW capacity solar power plants 

have been installed in the country in 
the last two years and if this trend 
continues, the country will achieve 
the target of 20000 MW by 2022, 

he added. Admitting the poor quality 
of the products and services, Dr. 
Abdullah said that the industry needs 
to ensure good marketing, sales and 
service network and optimum quality 
of products to develop the confidence 
of the users. 

Also speaking on the occasion was 
Ms. Lise Grande, Project Manager, 
UNDP who lauded the role of the 
Indian government in promoting 
sustainable energy and reducing 
environmental pollution. She added 
that the present solar energy project 
will be a model all over the world. 
During the workshop, booklets 


prepared under the project were 


tion 


released by Dr. Farooq Abdullah. 
These included a booklet on 
Guidelines for Installation of Solar 
Water Heaters in High Rise Buildings, 
Users’ Handbook on Solar Water 
Heaters and Training Manual for 
Installers/Technicians. These handy 
booklets will be useful for various 
stakeholders in helping in large scale 
promotion of solar water heating 
systems. About 200 participants 
including officials from state and 
Central government departments, 
state nodal agencies, municipal 
corporations, builders and developers, 
financial institutions, consulting 
organisations and channel partners of 
the Ministry, attended the workshop. 
The workshop helped to showcase the 
efforts of the project and the strides 
made by MNRE in enhancing and 
popularising the use of solar energy 
in the country and also highlighted 
the immense scope in the field of solar 
energy that lay untapped. © 


Courtesy: Ministry of New and Renewable 
Energy, Government of India. 
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RE - Products 





GREEN PRODUCTS 


Eco Computers 





Eco award winners in the computing 
category, include the HP Pavilion 
that boasts of a mercury-free 

screen, and the Sony Vaio W Series 
notebook, with a plastic chassis 
made partly of recycled CDs and a 
carrying case made from old soda 
bottles. Better yet, the Apple’s iPad 

2 is eco- and energy-efficient with a 
10-hour battery, a casing made from 
recyclable aluminium and glass, and 
a display that’s made without arsenic, 
mercury, bromine, and polyvinyl 
chloride-all toxic chemicals found in 
other computing products. 
www.apple.com 
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Natural 
Paints 





j i L 


Unearthed Paints are made from white 
clay, reclaimed marble, cellulose fibres, and 
other natural ingredients. They contain 

no petrochemicals or VOCs and the 
company’s product 'Vega Paint’ even uses 
vegetable casein rather than milk casein, 
making it not only all-natural, but vegan, 
too. These paints can be tinted in any 
combination of upto 23 mineral pigments. 
www.unearthedpaints.com 


Voltaic Generator Solar 
Laptop Charger 

With the Voltaic Generator Solar 
Laptop Charger, you can sit by the pool 
and still charge your laptop, cell phone, 
Nintendo DS, and everything else. The 


waterproof charger bag, which looks 


like a futuristic laptop case, uses high- 
efficiency cells and includes a battery 





pack, custom-designed to efficiently 
charge from solar power. Just an hour in 
the sun will charge most cell phones or 
provide up to 45 minutes of laptop 
time. 

wwww.voltaicsystems.com 


Alarmingly Efficient 

There is probably no cooler home swag 
than the Bedol Water Alarm Clock. It 
uses no batteries or electricity, and you 
only have to replace the water every 
six months in order to keep it running 
smoothly. 

www.bedolwhatsnext.com 


Cartoon 


Illustration: Shreya Kharbanda 








THERMAL ENERGY 
PUT TO WORK 







Did you know that 
thermal energy can 
be used for work? 


Procedure 

1. Cool the balloon and the bottle in the freezer for 
5 minutes. 

2. Fill the bowl with hot, not boiling, water. 

3. Put the balloon over the mouth of the bottle 
making sure that the air has been squeezed 
from the balloon. Place the bottle into the hot 
water. 

4. The air inside the bottle will expand and inflate 
the balloon. After it is inflated, put the bottle in 
the bowl of ice water and observe it deflate. 

5. You can then design a device to convert this 
expansion and contraction into usable work, 
such as lifting a rock. 


Things you will need 
e | litre plastic bottle 
e A large balloon 


e A bowl of hot (not boiling)water 
e A bowl of ice water 
e Small rock 








Think about it 

Were you able to make a device 
that performed useful work? 
Can you think of devices 

that convert thermal energy into 
motion? 

Can you think of a way to convert 
thermal energy into electrical 
energy? 

You can research on the internal 
combustion engines and turbine 
generators. 


Source: www.needs.org 
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Website 


The Alternative Fuels and 
Advanced Vehicles Data 
Centre (AFDC) 
www.afdc.energy.gov 

The Alternative Fuels and 
Advanced Vehicles Data Centre 
(AFDC) provides information, 
data, and tools to help fleets 
and other transportation 
decision makers find ways to 
reduce petroleum consumption 
through the use of alternative 
and renewable fuels, advanced 
vehicles, and other fuel-saving 
measures. 


Adventures in Renewable 
Energy Technology 
www.re-energy.ca 

With re-energy.ca, students of all 
ages can use detailed construction 
plans to build working models 

of wind turbines, solar ovens, 
hydroelectric generators, and 
biogas generators. As you explore 
renewable energy hands-on, 

you can expect to discover the 
fundamental principles of biology, 
chemistry and physics and see 

the application of science and 
technology to some of today’s 
most important environmental 
issues, 


Alternative Technology 
Association 

www.ata.org.au 

The ATA (Alternative Technology 
Association) is Australia’s leading 
not-for-profit organisation 
promoting sustainable technology 
and practice. The ATA provides 
services to members who are 
actively walking the talk in their 
own homes by using good building 
design, conserving water and using 
renewable energy. 
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Solar Electricity 
Handbook-2012 


Production, Conversion, Storage, 
Conservation, and Coupling 


2012 Edition 





he Solar 


Electricity 

Handbook is a practical and 
straightforward guide to using 
electric solar panels. Assuming 
no previous knowledge, the book 
explains how solar panels work, 
how they can be used and explains 
the steps you need to take to 


3 Stand-alone Solar 
Electric Systems: 
“The Earth 
Scan Expert 
p” Handbook for 

E Planning, Design 
and Installation” 

By: Mark Hankins 

Hard cover: 248 Pages 

Cost: 55.24 USD 

Publisher: Routledge 
Publications, 2012 

ISBN - 978-1-84407-713-7 





=> Solar Energy 
Conversion 

| By: Gertz 

| Likhtenshtein 

| Hard cover: 273 
Pages 

Cost: 108 USD 

Publisher: John Wiley & 
Sons, 2012 

ISBN - 3527328742 











By: Michael Boxwell 
Cover: Paperback 
Cost: 
Publisher: Green Stream Publishers 2012 
ISBN No. 1907670181 


13 USD 


successfully design and install 
a solar PV system from scratch. 
Accompanying this book is a solar 
resource web site containing lots of 
useful information, lists of suppliers 
and on-line solar energy calculators 
that will simplify the cost analysis 
and design processes. 


Solar Energy 
Fundamentals 
By: Robert K. 
McMordie 
Hard cover: 179 
Pages 

Cost: 82 USD 

Publisher: Taylor & Francis, 
2012 

ISBN - 1466514000 


Time to 

Shine: 
Applications of 
Solar Energy 
Technology 

By: Michael Grupp, 
Marlett (CON) 


Blamer 


Hard cover: 152 Pages 
Cost: 57 USD 
Publisher: John Wiley & 
Sons - 2012 

ISBN - 1118016211 


Forthcoming Events 


In India 
9-10 International Seminar on Energy Access 
October 2012 Place: Vigyan Bhawan, New Delhi , Organiser: Ministry of New and 
Renewable Energy and Confederation of Indian Industry ke 
Contact: 011- 24682230/35 Website: www.energyaccess.in z 
5-8 Inter Solar India B 
November 2012 Place: Mumbai, India, Organiser: Messe München International vet 
Contact: Brijesh Nair 22 4255 4707 Website: www.conference.intersolar.de 
7-9 6th Renewable Energy Expo 2012, Place: Noida, Uttar Pradesh, India, 
November 2012 Organiser: UBM, India, Contact: 011 2376 5551, info.india@ubm.com, 
Website: www.ubmindia.in 
17- 18 2012 International Conference on Power and Energy Systems (ICPES 2012) 
November 2012 Place: Pune, India, Organiser: International Association of Computer Science 


and Information Technology (IACSIT) Contact: Ms. Li, 086- 28- 8652- 7868 
or icpes@vip.163.com, website: www.icpes.org 


6-7 ICORE 2012 International Congress on Renewable Energy 
December 2012 Place: Pandit Deendayal Petroleum University, Gandhinagar, Gujarat 
Organiser: Solar Energy Society of India Contact: 011-65649864, 
41635200 or dg_sesi@yahoo.co.in, info@sesi.in Website: www.icoreindia.org yn 
: 
In Other Countries = 
| 
© 
9-10 Solar Brazil Place: Sao Paulo, Brazil, Organiser: Green Power Conferences e 
October 2012 Contact: +1 971 238 0700 or samantha.coleman@greenpowerconferences. T 
com, Website: www.greenpowerconferences.com K= 
p= 
9-11 The AWEA Offshore Wind Power 2012 Conference & Exhibition © 
October 2012 Place: Virginia Beach, VA, Organiser: AMERICAN WIND ENERGY E 


ASSOCIATION® Contact: 202.383.2500 or windmail@awea.org, 
Website: www.offshorewindexpo.org 


14-17 CANWEA 2012 Annual Conference and Exhibition 

October 2012 Place: Toronto, ON, Organiser: Canadian Wind Energy Association (CanWEA) 
Contact: 613-234-8716 or events@canwea.ca, 
Website: www.offshorewindexpo.org 


17-19 RETECH 2012 - 4th Annual Renewable Energy Technology 

October 2012 Conference and Exhibition 
Place: Omni Shoreham, Washington, D.C. 
Organiser: Trade Fair Group Contact: Mark Glazer 301-354-15030r MGlazer@ 
tradefairgroup.com, Website: www.retech2012.com 


30 - 01 Renewable UK 2012 Annual Conference and Exhibition 
October -November Place: Glasgow, Organiser: Veronika Sucha, Renewable UK Head of Events, 
2012 Contact: +44 (0)207 878 2481 or RenewableUK@TenAlps.com, 


Website: www.renewable-uk.com 
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Cumulative deplo yment of various renewable energy 


A. Grid interactive power 
Wind Power 

Small Hydro Power 
Biomass Power 


Bagasse Cogeneration 


Waste to Power (Urban and Industrial) 
Solar Power (SPV) 
Sub total (A) 


B. Off grid/captive power 

Waste to energy 

Biomass (Non-Bagasse) Cogeneration 
Biomass Gasifier (Rural and Industrial) 
Aero-Generators/ Hybrid Systems 

SPV Systems (>1 kW) 

Water Mills/Micro Hydel 

Sub total (B) 


Total (A+B) 


ystems/devices in India 
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Solar Water Heating Systems - Collector Area (million sq m) 
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17967.15 
3434.07 
1209.60 
2109.73 
93.68 
1044.16 
25858.39 


106.34 
398.40 
153.898 
1.74 
96.61 
2121 nos. 
756.99 


26615.38 


(RANE, 
RG vel 





www.mnre.gov.in 


aw > 2) % 
nistry of New and 
enewable Energy 
iovernment of India 





KIPP & 
a 












Authorised Sales and 
Support Distributor 


133 
g K BK Consimpex Pvt. Ltd. 


H - 135, Sector - 63 
Noida - 201 307 (UP) 
India 


T: +91 120 4632 515 
F: +91 120 4632 511 

consimpex@bkconsimpex.com 
www.bkconsimpex.com 





Turn-Key Solution for : : : 
Integrated Solar Weather Monitoring Station 


GHI + DIF » DNI + Tilted Global « WS, WD + Temperature, RH • Surface Temperature + Pressure * Rainfall and more 
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From the Editor’s Desk 





Dear Readers, 

Three decades ago the then Department of Non- 
conventional Energy sources (DNES) dared to set up 
the Wind Power Station in India. Many believed it 

to be a fantasy and said that it was merely ‘wishful 
thinking’. The initial few installations in reality were 
not upto the expectations - yet today, the reality of wind 
power in India is an axiom. Started in 1983-84 there 
was no looking back for the programme, and now with 
installations over 18,000 MW - India stands fifth in the world in wind power. 

The wind power programme in India was initiated towards the end of the 
Sixth Five Year Plan. There were two distinct issues related to wind power 
development in India. Firstly, a revised assessment of wind as an energy 
resource was essential and second, strategic development and deployment of 
wind power hardware was crucial. A market-oriented strategy was adopted 
from the inception. This led to the commercial deployment of technology 
in the sector rather than being subsidy driven. To aid this approach, 
demonstration projects were set-up and fiscal incentives provided for the 
development of infrastructural capability. 

‘Wind farms’ in different parts of the country now are poised to meet the 
energy demands of a populace that was hitherto unreachable. The interest 
that many private players are taking in the arena of wind power is also 
commendable and the government wants to provide all the incentives needed 
to encourage greater participation so as to allow wind energy to become a 
popular source of energy. Small wind turbines or SWTs is another technology 
that is slowly gaining prominence as instruments of energy generation. 
These turbines are proving to be a user-friendly option for the generation 
of electricity. 

This issue pays special attention to the various initiatives launched by 
the ‘wind-rich’ states of India to utilise this resource in the most innovative 
of ways. States covered include Rajasthan, Tamil Nadu and Kerala, that 
have been taking various measures to popularise and strengthen existing 
projects involved in the generation of energy by harnessing wind. The issue 
lays emphasis on the potential that India has in the field of wind energy and 
highlights several imminent technological upgradation from the industry 
perspective that will catapult the sector into a new era. 

Once again, this issue of Akshay Urja hopes to bring to its readers a fresh 
perspective in the field of renewable energy. 
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to the Editor 





I would like to express my heart 
felt congratulations to the 
Ministry for spreading awareness 
among the citizens of the country 
regarding utility of ‘new and 
renewable energy’ as an alternative 
source of energy. I am the secretary 
of a state NGO named ATMIYATA 
in Odisha. I read your bi-monthly 
newsletter when I visited the 
office of the District Magistrate 
and Collector, Jajpur and have 
gone through all your issues ever 
since. The subjects published are 
very informative, innovative, and 
interesting. Hence, I want to be 
your regular subscriber. 
Jajati Kishore Panda, 
(Advocate) Bhimkar Pur, 
Jajpur, Odisha 


I have gone through the article 
on biogas bottling published in 
the Akshay Urja, April 2012 issue. 
The article is quite informative. 
In our area, coastal Karnataka, 
the average family size in the 
countryside has dwindled to just 
two adults over the years now, as 
a consequence of changed work 
patterns in the family. Peasants’ 
children get education and migrate 
to town and cities. Thus, families 
having gobar gas plants 6 or 4 cum 
in size now have lot of surplus gas. 
In such a scenario the concept of 
biogas bottling assumes significance 
in plugging the mismatch between 
supply and demand. 
B. Ramesh Adiga 

Vinayaka, Near Shivapadi Temple, 

Saralebettu, Manipal 


I am a Junior Lecturer in 
physics, Govt, Jr. College, Gurla, 


Vizianagaram District. I have 
recently seen the Akshay Urja 
Newsletter which is most useful 
to us. The pictures are excellent 
and the matter very useful. We 
know that the future of the 
earth completely depends on 
environment, energy and transport. 
We also know that the economy 
of a country depends upon energy 
resources and its utilisation. I am 
at present preparing some energy 
projects with 10+2 level students 
to create scientific attitude among 
them, for which Akshay Urja 
magazine will prove to be of great 
help. 
J. Chandrashekhar Rao 
Kamakshingar, Vizianagaram 
Andhra Pradesh. 


I have gone through the April 2012 
issue of Akshay Urja which I found 
very interesting and informative. 
It contains qualitative news items. 
The information that the ‘Installed 
Power Generation Capacity’ has 
crossed 2 lakh MW mark and that 
the share of renewable energy 
stood at 24,503 MW (12.2 per cent) 
was very relevant. The articles 
providing latest information on 
new and other renewable sources 
of energy like geothermal energy, 
bio-electricity, hydrogen etc., are 
expected to play a very crucial 
role in future. Please accept my 
heartiest congratulations. 
D. S. Agarwal 
Consultant (Power) Rudraksh 
Energy RSEB, Jaipur 


I am pursuing M.Tech in renewable 
energy technology from University 
College of Engineering, Kota. 


I must say that for obtaining 
knowledge about current statistics, 
industry scenario and new 
innovations in the field of renewable 
energy, the magazine Akshay Urja is 
excellent. 
Rahul Khandelwal 
Talwandi Kota, Rajasthan 


I am working as a professor in 
People’s Education Society's (PES) 
College of Engineering, Mandya, 
Karnataka. We have a project at 
the cost of 19 lakh on district bio 
fuel information and demonstration 
centre, supported by Karnataka 
State Bio-Fuel Development Board, 
Bangalore, Govt of Karnataka. We 
are procuring biofuel seeds from the 
public, crushing these seeds for oil 
and converting it to biodiesel which 
is being used for different vehicles, 
like, cars, buses, tractors, power 
tillers etc. In this regard I request 
you to send the Akshay Urja bi- 
monthly Newsletter to our Centre as 
the magazine's informative content 
will help our Institute to upgrade its 
knowledge in the field of energy. 
Dr. L. Prasanna Kumar, 
Project Co-ordinator, 
Mandya, Karnataka 
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Saal AA R ea Ñ Sl aa! 
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Dear Reader, Thank you very much for your suggestions and encouragement. The editorial team of Akshay Urja will 
make every effort to make this newsletter highly informative and useful to all our readers. We welcome your suggestions and 
valuable comments to make further improvements in terms of content and presentation. Editor: Akshay Urja 
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National 7-10 


m India’s 39 per cent plunge in wind 
installations may spur consolidation 


m Solar grid parity in India by 2017, 
MNRE 


æ Telecom companies can save 
Rs. 80,000 crore by using renewable 
fuel source: Greenpeace 


= 1,000 MW solar power plants 
installed in last two years 


m Omar Abdullah asks State Power 
Development Corporation to harness 
J&K’s rich hydroelectric potential 


= Rooftop solar power could be a 
game-changer for India: KPMG 


mw Pakistan seeks India’s expertise in 
renewable energy 


m UP to duplicate Gujarat model to fix 
State’s power woes 


æ Haryana signs pacts for setting up 
biomass power projects 


International 11-12 


m= Japan revises RE targets by six times 
to be achieved by 2030 


= New wind power turbine unveiled for 
Brazil market 


m China beats U.S. to become number 
one in installed wind power 


m Iran blows past sanctions with wind 
energy 


w Residents receive rebates for solar 
power 


= New photovoltaic parks to produce 
‘clean energy’ 


m World's first living building uses 
algae to provide energy and shade 











Wind energy in Tamil Nadu has 
witnessed tremendous growth 
propelling the State to the number 
one position in India. 
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Installation of wind masts near Ramakkalmedu, Kerala 
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Centre for Wind Energy Technology 
(C-WET) was established as an 


autonomous research and development 


institution by the MNRE. 
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Small wind turbines popularly known 
as SWTs are poised to go a long way 
in achieving energy empowerment for 
rural India. 
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The plenary session 
was inaugurated 

by Dr. Manmohan 
Singh, the Prime 
Minister of India, on 
9th October 2012 
at Vigyan Bhawan, 
New Delhi. 
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INTERNATIONAL SEMINAR ON 


ACCESS 


Focusing on one of the major concerns on ensuring energy access to all at 
affordable prices, the Ministry of New and Renewable Energy organised an 
international gathering on Energy Access in New Delhi. 


n recognition of the importance Nations General Assembly has sustainable access to energy, energy 

of energy access for sustainable designated 2012 as the ‘International efficiency, and renewable energy 

economic development Year of Sustainable Energy for at the local, national, regional 

and towards supporting the All’. The ‘Year’ presents a valuable and international levels. Energy 
achievement of the Millennium opportunity to raise awareness services have a profound effect on 
Development Goals, the United about the importance of increasing productivity, health, education, 
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climate change, food and water 


security, and communication services. 


In support of the above programme, 

Ministry of New and Renewable 
Energy (MNRE) conducted the 
International Seminar on Energy 
Access at Vigyan Bhawan, New Delhi 
from 9th-10th October 2012. 


Objective 

The objective of the Seminar was to 
share and exchange experiences, best 
practices, and innovative solutions 
on energy access. It serves as a 
platform for participating countries 
to network, catalyse ideas and share 
information in a focused manner, 
which will help to drive concerted 
action to achieve universal energy 
access by 2030. 

The Seminar was able to facilitate 
and bring together government 
functionaries, practitioners from 
the private sector and civil society 

ý working on the delivery of energy 
services and solutions to develop a 
more integrated approach to energy 
access planning and execution in 
support of sustainable energy for 
all. The principal purpose was to 
promote development of renewable 
energy by removing barriers 
impeding its use and its large-scale 
deployment for attaining sustainable 
energy for all. 

The Seminar was envisaged 
as an international platform for 
government, private sector, and 
non-governmental leaders to jointly 
address the goal of achieving energy 
access. The Seminar was attended 
by representatives of 42 countries, 
and 23 ministerial level delegations 
were present, including the Prime 
Minister of Guyana, Deputy Prime 
Minister of Mauritius and several 
other senior Ministers. Over 50 
foreign participants including 
senior government functionaries 
representing different countries, 
association and industry leaders, 
project developers, research 
scholars/ fellow and academics/ 


Seminar 


Experiences, best practices, and innovative 
solutions on energy access was discussed 
during the Seminar. The network of 
participating countries helped catalyse ideas 
and share information in a focused manner. 


R&D institutions, equipment 


manufacturers, government agencies, 


green power providers, media, 
international organisations, UN 
organisations, international financial 
institutions, banks/ financial services 
providers, technology developers and 
policy level thinkers attended the 
event to promote energy access for 
sustainable economic development. 
The major participating countries/ 
ministerial delegations included 
Afghanistan, Algeria, Azerbaijan, 
Bangladesh, Bhutan, Bosnia 

and Herzegovina, Burkina Faso, 
Canada, Cape Verde, Congo, Fiji, 
Georgia, Guatemala, Guyana, Iran, 
Iraq, Kenya, Maldives, Mauritius, 
Mozambique, Namibia, Nicaragua, 


Niger, Nigeria, Norway, Panama, 
Seychelles, South Africa, Surinam, 
Tanzania, Uzbekistan, Yemen and 
Zambia. Besides participation in 

the Seminar the event also provided 
opportunities for one to one bilateral 
meetings within the seminar 
premises. 


Programme Outline 

The Seminar covered many 
important issues on energy access 
with special emphasis on renewable 
energy. While it would provide a good 
platform for sharing information, it 
would also help bring countries and 
institutions together for cooperation 
in various fields connected with the 
subject. 





In the plenary session on 9" of October 

Dr. Manmohan Singh, the Prime Minister of 
_ India started his address by saying that the 
government aims to provide 24x7 electricity 

to all households in the country. He asserted 
that affordable access to electricity in the 

next 5 years is of keen importance. “One 

million households in India are now using 
decentralised solar energy to meet their lighting 
energy needs”, added Dr. Singh. “Government 
is also striving to light up around 20 million 
rural households with solar Hike lighting systems by 2022. Renewable 
energy technologies provide probably the most sustainable and economic 
options for energy access”, he reiterated. Dr. Singh also said that at present 
renewable power represents about 12 per cent of the total installed 
generating capacity in India. The Jawaharlal Nehru National Solar Mission, 
launched under the aegis of India’s National Action Plan on Climate Change 
aims to install 20 GW of grid connected solar power by 2022. He spoke 
about significant links between access to energy and the various Millennium 
Development Goals and said that in order to meet these goals, the people of 
India require access to affordable energy. 
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Dr. Faroog Abdullah, Minister of New and 
Renewable Energy in his speech highlighted 
the role of renewable energy and spoke 
about its competency in meeting the 
energy requirements in rural areas and 
supplementing the urban energy needs. 
“Energy access is an issue of over arching 
importance and is closely related to poverty, 
development, gender disparity, environment, 
health and also sustainability”, he said. 

ea ae Dr. Abdullah added that provision of basic 
energy services to these energy-poor citizens is the key challenge today. 
“Lack of access to energy cripples the productive capacity of people and 
traps them in a downward spiral of want, deprivation and poverty”, he 
opined. “With over 400 million citizens who lack access to modern forms 
of energy, we need one of the largest decentralised, off grid renewable 
energy programmes in the world. In fact, our local renewable energy based 
initiatives have already started making a profound impact on the lives of 
millions in India”, he informed the gathering. 








Delegates and ministerial idelegations from various nations at the Seminar 
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The plenary session was 
inaugurated by Dr. Manmohan Singh 
the Prime Minister of India, on 9th 
October 2012 at Vigyan Bhawan, 
New Delhi. He addressed a large 
number of high level national and 
international dignitaries. This was 
followed by the ministerial level 
plenary, technical and lastly the 
valedictory session. 


Outcome 

The Seminar achieved several new 

milestones. 

m The active involvement of 
developed countries for ensuring 
availability of energy access 
technologies, partnering in 
innovation and also for enhancing 
technological capabilities was 
highlighted. Links for technological 
advancements promoted through 
research and development and 
strengthening of relevant regional, 
national and local institutions for 
sustainable development were 
forged. 

International cooperation in 
developing and disseminating 
innovative energy access 
technologies and provision of 

new, additional and predictable 
financial resources and investment 
appropriate to the needs of 
developing countries was sought. 
An international mechanism to 
facilitate research and development 
in energy access and renewable 
energy technologies was set-up to 
allow access to such technologies at 
affordable prices. 

Finally, all the participants 

agreed to support and strengthen 
South-South cooperation for 
information and experience sharing 
in implementation of energy 

and energy access technologies, 
including renewable energy 

while being fully conscious that 
South-South cooperation is 

not a substitute for, but rather 

a complement to North-South 
cooperation. & 


Source: Ministry of New and Renewable Energy 
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India’s 39 per cent plunge 
in wind installations may 
spur consolidation 
Wind-turbine suppliers in India 
may be forced to consolidate amid 
increasing competition after a 
policy vacuum prompted a 39 per 
cent plunge in installations in the 
first half of the financial year. 

In the six months ended Sept. 30, 
turbine makers including Suzlon 
Energy Ltd. (SUEL) and Vestas 
Wind Systems (VWS) installed 
851 MW of wind capacity, down 
from 1,403 MW the previous year, 
according to provisional numbers 
from the Indian Wind Turbine 
Manufacturers’ Association in 
Chennai. 

Investors are building fewer 
farms in the world’s third-largest 
wind market after two government 
incentives expired in March. 
Turbine makers are unlikely to 
offset the drop in demand with 
exports as other major markets in 
China, the U.S. and Europe are also 
slow, according to Bloomberg New 
Energy Finance. 

“Pressure will increase on 
manufacturers’ margins,” said 
Shantanu Jaiswal, a New Delhi- 
based BNEF wind analyst. “The 
industry may be setting itself up for 
future consolidation.” 

The number of turbine 
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suppliers in India last year almost 
doubled to 24 from two years 
earlier amid surging installations, 
according to Indian Wind Turbine 
Manufacturers Association 
(IWTMA) data. Among the newer 
entrants are Siva Wind Turbine 
India Ltd., Chiranjjeevi Wind 
Energy Ltd. and Inox Wind, which 
has partnered with American 
Superconductor Corp. (AMSC) for 
turbine technology. 

Indian installations topped 
3,000 MW for the first time in 
2011, a 138 per cent increase in two 
years, according to data compiled 
by Bloomberg. Those investments 
were driven by a tax benefit called 
accelerated depreciation and a 
subsidy known as generation-based 
incentive, which boosted project 
returns, helping wind compete with 
other forms of energy. 

The incentives expired on 
March 31, and the Ministry of New 
and Renewable Energy is seeking 
Cabinet approval for them to be 
reinstated, according to Joint 
Secretary, Tarun Kapoor. 

If the incentives aren't restored, 
the industry could struggle to 
put up 2,000 MW by the end of 
this financial year on March 31, 
according to BNEF’s Jaiswal. 
“We're assuming it will be reinstated 
but if it doesn’t, it'll significantly 
affect investments,” Sumant Sinha, 
chief executive officer of ReNew 
Wind Power Pvt., a developer 
backed by Goldman Sachs Group 
Inc., said on Sept. 28. “It’s a real 
downer for the industry.” 

www.eai.in 
17 October 2012 


Solar grid parity in India by 
2017, MNRE 

Power produced by solar plants 

will be sold at the same price as 
that from conventional sources 

like coal by 2017, a power ministry 
official said today. “Solar power is 























very close to achieving grid parity. 
It will achieve grid parity by end 
of the 12th Plan in 2017,” Tarun 
Kapoor, joint secretary in the new 
and renewable energy ministry, 
announced at a conference on the 
Indian power industry. 

“Consequent to the launch of 
the government's solar mission 
in 2010, we see large volumes (of 
electricity) coming into the sector 
and we've seen prices come down 
drastically,” Kapoor said. 

Outlining the sequence of fall 
in tariffs, Kapoor informed the 
conference that from an initial tariff 
of Rs. 17 per kilowatt hour (kWh) 
fixed by the regulator, subsequent 
tenders had yielded lower average 
tariffs, and the last tender floated 
had fetched the tariff of Rs. 7.49 
per kWh. 

“Odisha did a tender and got a 
tariff of Rs.7 per kWh to be constant 
for the next 25 years. This tariff 
is fixed for 25 years and is better 
than that from coal, for instance, 
where new coal based plants using 
imported coal would charge Rs. 5-6 
and domestic coal fired ones would 
charge Rs. 3-4. Then as fuel costs 
rise, tariffs would also go up.” 

Kapoor explained that the 
objective of the solar mission was 
to increase electricity volumes from 
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solar energy, thereby bringing down 
prices and demonstrate that solar 
power is a very good alternative. 
“Solar power plants can be 
set up anywhere (in India) as the 
insulation is pretty good almost 
everywhere. The investment 
required for 20,000 MW capacity 
would be around Rs. 200,000 crore,” 
Kapoor said. 
www.panchabuta.com 
30 August 2012 


Telecom companies can 
save Rs. 80,000 crore 

by using renewable fuel 
source: Greenpeace 

Telecom companies can save up 

to Rs. 80,000 crore over the next 
eight years by replacing diesel with 
a renewable energy source to power 
towers, says a report released by 
NGO Greenpeace today. 

“With an ambition to be diesel 
free by 2020, 12.5 per cent of these 
towers need to be retrofitted (with 
renewable energy source). Every 
year telecom companies average 
savings would be Rs. 10,000 crore 
that adds up to nearly Rs. 80,000 
crore over the eight year period,” 
the report said. 

It added the government will be 
able to save subsidies of around Rs. 
273 crore every year from reduction 
in use of diesel. The report said 
India has 4,00,000 network towers 
and over 70 per cent of them are 
located in off-grid (not connected to 
electricity supplied through grid), 
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rural and semi-urban locations. 

It estimates that 60 per cent of 
these towers are placed in indoor 
shelters as the old generation 
equipment cannot function beyond 
certain temperatures. 

“Currently rural outdoor tower 
sites’ biggest expense is caused by 
per unit (kWh) electricity from 
diesel. In such areas, the unit cost 
of electricity can go up to as high as 
Rs. 80-90/kWh,” the report said. 

The NGO’s report said that as 
first step, telecom companies should 
eliminate diesel consumption in 
rural and semi-urban areas that 
account for 70 per cent of total 
towers. “This constitutes a total 
of 280,000 towers, out of which 
around 20 per cent are in areas 
where the average electricity 
availability is less than 4 hours,” the 
report said. It added that companies 
should gradually eliminate diesel 
from towers in urban regions. 

“This would eliminate an 
average of 390 million litres of 
diesel usage every year and an 
estimated amount of about 3 to 3.2 
billion litres by 2020. It would also 
prevent a carbon emission on an 
average of 1 million tonnes every 
year into the atmosphere,” the 
report said. The NGO report said 
that the deployment of new and 
energy efficient equipment would 
bring the demand close to 640 
MW of solar equivalent renewable 
energy power to fill the electricity 
gap after the elimination of diesel. 

Based on the assumption 
that an average rural and semi- 
urban tower has to be powered by 
renewable energy for 8-10 hours, 
the report said that this would 
require an average of 760 MW of 
solar equivalent renewable energy 
capacity. 

“It calls for an investment 
of Rs. 8,360 crore per year with 
the total required investment 
close to Rs. 67,000 crore by 2020. 
In comparison the operational 
expenses based on diesel would be 














around Rs. 80,000 crore,” it said. 
www.articles.economictimes. 
indiatimes.com, 28 August 2012 


1,000 MW solar power 
plants installed in last two 
years 

A total of around 1,000 MW 
capacity solar power plants have 
been installed in the country in 
the last two years. If this trend 
continues, the country will achieve 
the target of 20,000 MW by 2022, 
Dr. Faroog Abdullah, Minister for 
New and Renewable Energy, said 
at a ‘National Workshop on Solar 
Water Heaters’ under UNDP-GEF 
supported Project on Solar Water 
Heaters here on Thursday. 

Abdullah emphasised the need to 
explore and tap new and renewable 
sources of energy and protect the 
environment from greenhouse gases. 
“There is an abundance of solar 
energy in most parts of the country 
but to tap it for electricity generation 
or for other useful purposes is the 
key,” he said. To make it affordable 
and cost-effective, sincere efforts 
have to be made and suitable 
policies have to be formulated, he 
said. Admitting the poor quality of 
products and services, Abdullah said, 
the industry needs to ensure good 
marketing, sales and service network 
and quality of products to develop 
user confidence. 

On the solar water heaters 
project, he said, it was started 
in September 2008 and will be 
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completed by December 31, 2012. 
www.thehindubusinessline.com 
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Omar Abdullah asks State 
Power Development 
Corporation to harness 
J&K’s rich hydroelectric 
potential 

Reiterating the significance of 
self-reliance in energy production, 
Chief Minister Omar Abdullah 
today asked the State Power 
Development Corporation (SPDC) 
to harness Jammu and Kashmir’s 
rich hydroelectric potential. 

“Government has flagged power 
development as one of the most 
important sectors,” Abdullah said 
while addressing the 67" Board of 
Directors meeting of SPDC. 

He said a multi-pronged strategy 
has been put in place to realise 

a major breakthrough in power 
generation. Public private 
partnership, independent power 
projects, joint venture schemes 
and engineering procurement 
construction modes are being 
followed to harness hydro power in 
the State, the chief minister said. 

He said the Corporation has 
to work hard to realise the goal of 
generating 6,000 MW of power 
envisaged under various projects 
approved for construction. 

The Board gave nod to awarding 
six more projects including five 
under J-K State Hydroelectric 
Projects Development Policy, 2011, 
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and one under EPC for which open 
tenders were floated by JKSPDC. 
With these, the number of projects 
approved for allotment during 2012 
so far has reached eleven with an 
aggregate capacity of 643 MW. 
These include state-owned JKSPDC 
projects of 450 MW BHEP-II, 1.5 
MW Pahalgam HEP 3rd Unit, 5 
MW Puga Geo Thermal, 9 MW Dah 
HEP, 9 MW Hanu HEP and 37.5 
MW Parnai HEP. 

The five projects to be 
implemented by IPPs are 40 MW 
Ans-I, 45 MW Bichlari, 27 MW 
Kanzil Wangath, 12 MW Girjin Ki 
Gali and 7 MW Chandanwari Uri. 
The projects allotted under IPP 
would be returned to the State after 
35 years, he said. So far, this is the 
highest number of power projects 
allotted in the State in a year. From 
these projects free power ranging 
from 16 per cent to 22 per cent will 
also be provided. An additional 30 
per cent electricity will be available 
to the State at economical rates 
determined through tariff-based 
bidding in respect to projects above 
25 MW with the first right of refusal 
to the State in respect of remaining 
power generated by these projects. 

In respect of projects up to 25 
MW the tariff shall be determined 
by the J&K SERC, he said. In 
addition, the tendering process 
of 16 projects with a capacity of 
645 MW has been initiated. The 
joint venture company of JKSPDC 
and NHPC has also tendered out 
1,000 MW Pakal Dul HEP which 
is scheduled to be allotted during 
2012-13. 

www.business-standard.com 
17 October 2012 





Rooftop solar power could 
be a game-changer for 
India: KPMG 

Rapid fall in solar prices and 
increase in cost of conventional 
power driven by fuel shortages has 
brought ‘grid-parity’ closer, which is 
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expected to happen at a broad scale 
by 2017 in India, according to the 
KPMG report. The report reveals 
that the rooftop solar power will 
see parity faster with utility tariffs 
due to high T&D losses and cross- 
subsidies present today and parity 
in many categories can emerge as 
early as 2014. For this segment, the 
solar lease model could become a 
game-changer. 

“Solar power technology can 
help India leapfrog in the energy 
sector as we are in a unique 
position when solar power costs 
are becoming competitive with 
alternate sources at a time when our 
energy requirement is going to grow 
two fold over the next decade. The 
analogy is similar to what happened 
in the telecom sector where cellular 
technology helped us rapidly meet 
our demand for communication 
services, says Santosh Kamath, 
partner, KPMG in India. 

“Given the issues of fuel 
shortages and import dependence 
of the energy sector, solar power 
should be given a significant 
strategic thrust by the Government. 
The Jawaharlal Nehru National 
Solar Mission (JNNSM) has made 
a good beginning. The momentum 
should be sustained if the 
investments made by the country 
in the last few years are to give the 
full benefit,” says Arvind Mahajan, 
partner, head of energy and natural 
resources vertical at KPMG in India. 


www. myiris.com 
13 September 2012 
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Pakistan seeks India’s 
expertise in renewable 
energy 

Gireesh Pradhan, Secretary in the 
Ministry of New and Renewable 
Energy, gave the Pakistan 
delegation a detailed overview of 
India’s journey in the development 
and application of renewables. 
The focus of the presentation was 
on solar, wind, biomass and small 
hydro sectors.India’s achievement 
in installing over 25,000 MW of 
grid-connected renewable energy 
was lauded by the Pakistani 
delegation. 

The Pakistani officials were 
informed about Indian Electricity 
Act 2003 and Tariff Policy 
provisions with reference to the 
renewable purchase obligation 
for renewable energy, which 
makes it mandatory for all power 
distribution companies to purchase 
a minimum percentage of power 
generated through renewables. The 
provision is an effective instrument 
for promoting the use of renewable 
energy. The visiting delegation 
was also informed about fiscal and 
financial incentives given by the 
union government to promote 
renewable energy. 

www.ibnlive.in.com 
29 August 2012 
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UP to duplicate Gujarat 
model to fix state’s power 
woes 

Move over Gujarat, Uttar Pradesh 
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is gearing up to become the 

largest producer of solar power in 
the country. In a first-of-its kind 
initiative, the UP government is 
planning to put to use its vast canal 
network, spanning over 74,000 km, 
to produce solar power. 

To begin with, the government 
plans to set up five pilot canal 
solar projects at locations across 
the State. Each of these projects 
will see the installation of solar 
panels over the canals, which would 
produce 10 MW energy each. A 
State official said the project is part 
of the new solar policy that is in 
the final drafting stage and would 
be sent to the State cabinet soon. 
“The concept is to make use of the 
immense potential for solar energy 
in the State, especially by making 
use of the 74,000 km of canals that 
run across the State.” 

“By making use of the canals, 
we will not only be replacing the 
need for acquiring land.which is 
anyway a disputed issue these days, 
but we would also prevent the loss 
of water from the canals through 
evaporation. The concept has 
already been tested in Gujarat. 

We can take it forward by 
making use of the world’s largest 
canal system,” he said, adding that 
the thumb rule of solar energy is 
that an average 1 km-1.5 km long 
stretch of a 10-15 km-wide canal can 
produce 1 MW of power. 

“The central government has 
already given the State Rs. 200 
crore for the pilot project and 


















we have also identified the areas 
where projects are to come up 
based on the fact that they should 
be close to sub-stations which can 
help evacuate the power,” said the 
official. 
“This is a very ambitious 
project for us as it will be the 
largest innovative initiative in solar 
power in the world. Once the state 
government is able to script the 
success story in these pilot projects, 
it will then invite the private sector 
to invest in solar power in a big 
way,” he added. 
www.indianexpress.com 
20 September 2012 





Haryana signs pacts for 
setting up biomass power 
projects 
Haryana Government has signed an 
MoU with four independent power 
producers for setting up of five 
biomass power projects of 51 MW 
capacities with an investment of Rs. y 
230 crore. Out of these, two projects 
are likely to be commissioned soon. 
A spokesman of Renewable Energy 
Department said that a 6 MW small 
hydro project with an investment 
of Rs. 58 crore at Dadupur, Yamuna 
Nagar, 2 MW project with an 
investment of Rs. 22 crore at 
Gogripur, Karnal, 1.4 MW small 
hydro project with an investment 
of Rs. 16 crore at Musapur, district 
Karnal and 1.4 MW small hydro 
project with an investment of Rs. 
16 crore at Khukni, district Karnal 
had started power generation. He 
said that apart from this, a 1.8 MW 
project at Meham Cooperative 
Sugar Mill, 24 MW project at 
Shahbad Cooperative Sugar Mill, 16 
MW project at Rohtak Cooperative 
Sugar Mill and 2 MW project at \ 
Hafed Cooperative Sugar Mill, 
Asandh had been set up to produce 
power from the bagasse in sugar 
mills through cogeneration. 
www.timesofindia.indiatimes.com 
24 September, 2012 








Japan revises RE targets 
by six times to be achieved 
by 2030 

Japan has released a new strategy 
to boost power generation by more 
than six times from renewable 
sources by 2030, in a bid to free the 
country from its dependency on 
nuclear power. 

Japan’s Environment Minister 
Goshi Hosono announced the 
promotion strategy after a Cabinet 
meeting, the country’s official news 
agency Kyodo reported. Hosono 
said the ministry has plans to 
increase the total annual capacity of 
electricity generation using offshore 
wind, geothermal, biomass and tidal 
power sources to as much as 19.41 
million kw by 2030, as compared 
with 2.96 million kW in 2010. 

Specific targets were set at 8.03 
million kW for offshore wind power, 
6 million kW for biomass power, 
3.88 million kW for geothermal 
power and 1.5 million kW for tidal 
power. In the year 2010, offshore 
wind power generation totalled 
30,000 kW, biomass power 2.4 
million kW, geothermal power 
530,000 kW - while no tidal power 
was generated. The government 
is studying various options to cut 
nuclear energy’s share in the total 
power generation to do away with 
it or reduce it to 15 - 25 per cent 
by 2030 in view of the Fukushima 
nuclear crisis. Hosono said floating 
ocean wind power generators will 
be developed by 2020 to achieve 
the target of generating output 
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equal to eight nuclear reactors. 
www.energynext.in 
1 September, 2012 





New wind power turbine 
unveiled for Brazil market 
GE has installed 300 wind turbines 
in Brazil till date, a figure set to 
triple over the next two years, 

the firm announced at the Brazil 
Windpower Conference in Rio de 
Janeiro recently. 

Announcing the launch of a 
turbine designed specifically for 
the Brazilian market, the American 
giant said it plans to install more 
than 600 units in Brazil over the 
next two years as it expands its 
presence in the region. GE will also 
open two local service centres by 
2014, representing a $1.5 million 
investment. The service centres - in 
Rio Grande do Norte and Bahia - 
will employ more than 100 service 
technicians. 

The 1.85-82.5 turbine unveiled 
at the event is based on GE’s 1.5 
MW platform and is designed to 
cope with Brazil’s high wind speeds. 





Part of its $2 billion investment in 
renewable energy, it is “designed 
to meet or exceed the historic 98.5 
per cent availability of the 1.5 MW 
platform and help improve project 
economics in higher wind regime 
sites by requiring fewer turbines per 
wind farm”, the firm said. 
www.renewableenergyfocus.com 
11 September, 2012 
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China beats U.S. to become 
number one in installed 
wind power 
China surpassed the U.S. this year 
to become the number one in the 
world for installed wind power 
generating capacity. In the last 
six years, installed wind power 
generating capacity in China 
increased from 2,000 MW to 52,580 
MW, according to the State Grid 
Corporation, which is the country’s 
largest utility company. In 2011, 
China generated 70.6 terrawatt 
hours (TWh) of wind power, a 96 
per cent increase. The Chinese 
government projects that China’s 
wind generating capacity would be 
more than 100,000 MW in 2015 and 
200,000 MW in 2020. China’s on- 
grid capacity reached over 50 GW 
till date, according to the State Grid 
Corporation. This year on-grid wind 
power capacity under State Grid 
reached 50.26 GW, an annual growth 
of 87 per cent in the last six years. 
www.triplepundit.com 
28 August 2012 
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Iran blows past sanctions 
with wind energy 

Determined to stay on its unpopular 
nuclear course, Iran is now turning 
to wind power and other renewable 
energy sources to blow past 
sanctions. Last year Karin reported 
that the current regime plans to 
produce 5,000 MW of solar energy 
by 2015, and in May this year, 
President Mahmoud Ahmadinejad 
put aside an additional $620 million 
to grow the country’s nascent 
renewable energy programme. 
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This commitment is exactly the 
push that local alternative energy 
producers needed to explore their 
respective technologies. 
Iran has the potential to produce 
20,000 MW of wind energy, 
according to the International 
Journal of Renewable Energy 
Research. Of that capacity, only 200 
GWh was produced in 2010, which 
was slightly less than what the 
country produced the previous year. 
But local manufacturers who 
showed their wares at a recent 
renewable energy exhibition in 
Tehran are confident that they can 
surmount the restrictions imposed 
by international sanctions. The 
European Union is prepared to 
trade in renewables, according to 
the Wall Street Journal, but a US 
Treasury spokesperson said that all 
sales to Iran are banned unless a 
special license is issued. 
Meanwhile, anti-nuclear 
activists in the US believe that it 
would be a mistake to trade even 
in renewable energy since the 
point of international sanctions 
is to squeeze Iran so hard that it 
has no choice but to give up its 
nuclear programme. Nonetheless, 
the German firm Fuhrlander AG 
has committed to selling 12 wind 
turbines to Mapna, according to 
WSJ, which is one of the country’s 
largest power contractors. Under 
the terms of their agreement, 
Mapna will be permitted to copy 
the turbines and manufacture them 
in Iran. Another firm is exploring 
the potential of converting urban 
waste from large cities into energy. 
Earlier this year foreign banks 
were prohibited from conducting 











financial transactions with Iran. In 
the meantime, even if renewable 
energy companies are keen to help 
mitigate the country’s profound 
pollution issues and alleviate global 
climate concerns by producing 
cleaner energy, at the current 
rate of action, it will be some time 
before that happens. 
www.greenprophet.com 
18 September 2012 
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Residents receive rebates 
for solar power 
Tampa Electric is offering rebates 
to residents who install solar power 
in their home or business in 2013. 
Customers who install new solar 
photovoltaic systems could qualify 
for rebate at the rate of $2.00 per 
watt, up to $20,000 per project. The 
utility says it has already paid out 
$2 million to solar customers since 
April 2011. The utility expects to pay 
out more than $1 million rebates, 
offered on a first-come, first-served 
basis. Existing solar customers will 
not qualify for the rebate. Tampa 
Electric will connect qualifying 
systems to their electric grid and 
give credits to customers with PV 
systems providing excess electricity. 
www.baynews9.com 
21 September 2012 
a SSE See eee 


New photovoltaic parks to 
produce ‘clean energy’ 
Two new solar energy parks in 

the Algarve, Portugal, will start 
generating electricity at the end 
of this month. The photovoltaic 
installations are to be officially 
inaugurated on September 25. 






























The parks, located in Alvalades 
(Silves) and Ferreiras (Albufeira), 
will have the capacity to generate 
enough electricity for the equivalent 
of 17,500 domestic users, confirmed 
José Barata, spokesman for Martifer 
Solar, a specialist company in the 
photovoltaic industry. Together, the 
solar parks are expected to avoid 
the emission of 14,154 tonnes of 
CO: per year - a greener alternative 
to electricity production. Speaking 
to Lusa news agency, José Barata 
said the electricity produced by the 
two “clean energy generating units 
will be delivered to the network, 
according to existing legislation, for 
public consumption”. 

Martifer Solar had won a 
public tender launched by the 
Directorate-General for Energy 
and Geology (Direção Geral de 
Energia e Geologia) to build the 
solar parks two years ago, but their 
management is the responsibility of 
BNP Paribas Clean Energy Partners, 5 
which currently holds the licensing 
for the exploration of the units. 

www.algarveresident.com 
21 September, 2012 
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World’s first living building 
uses algae to provide 
energy and shade 
The world’s first ever “living 
building” has started construction 
in Germany. Known as the BIQ 
building, it uses moveable panels 
of micro-algae to generate heat, 
shade, and energy. These panels are 
designed to be retrofitted onto the 
outside of existing buildings so that 
when sunlight hits them the micro- 
algae naturally photosynthesises 
and starts to grow. This means the 
building becomes a dynamic, living 
instrument whose bio-adaptive ’ 
facade responds to increased 
sunlight by creating shade and 
generating power for immediate use 
or storage. 
www.cleantechnica.com 
25 October, 2012 
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era where wind power may become the panacea of all our energy woes. 
RAMESH KYMAL 


| a j NM & electrical power. It is a nil or low carbon emission 

ae We energy source which will play an important 

= W role in the energy mix, enabling India’s energy 
security. In fact, we are at the threshold of yet another 
revolution of non polluting power after Green Revolution 
in agriculture and White Revolution in milk production. 
According to 2010 data, India ranks fifth in the world after 
China, USA, Germany and Spain, in terms of global wind 
power capacity (Table 1). 

This has been possible due to the policy initiative 
of the Ministry of New and Renewable Energy (MNRE) 
Government of India. It is also important to mention the role 
of DANIDA (an organisation of the Danish Government) 
that helped India in its wind energy programme and the 
Indian Institute of Tropical Meteorology (IITM) whose 
untiring efforts have resulted in identifying wind resource 
areas throughout the country. The work of the IITM is 


W Æ Mindenergy is not just another source of energy or 
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now continuing through the Centre for Wind Energy 
Technology (C-WET), an autonomous body of MNRE 
based in Chennai. 


Ort entai 

The C-WET, through its Wind Resource Assessment 
Programme has assessed the wind power potential at 
49,000 MW considering the wind speed at a 50 m met mast 
height. In our assessment, the wind potential at met mast 
heights of 75 m and 100 m, identification of new sites and 
with modern turbines technology suitable for medium 
and low wind regime should be at least 100,000 MW. The 
Lawrence Berkeley National Laboratory (LBNL) studies 
using satellite and meso mapping have estimated the wind 
power potential in the country to be beyond 250,000 MW. 
The major states which have exploited the wind resource 
in the country are Tamil Nadu, Karnataka, Andhra Pradesh, 


Maharashtra, Gujarat, Rajasthan and Madhya Pradesh. 
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Table 1. Global wind power capacity 


Capacity (MW) 


China 42,287 25005 
USA 40,180 
Germany 27,214 ee 
Spain 20,676 
1500 - 
India 17,530 
Italy 5,797 | 
1000 - 
France 5,660 
United Kingdom 5,204 bag 2 D 
Canada 4,009 = 
Rest of the World 30,298 gd i g 
Total 198,855 


Source: IWTMA (2010) 


Industry Status 
There are 18 manufacturers with 46 models and a capacity 
of the turbines ranges from a small 250 kW to 2.5 MW. The 
industry offers state-of-the-art technology mainly from 
Europe. The manufacturing capacity of the industry is 
around 10,000 to 12,000 MW per annum. The growth of 
the sector from 2001-2002 to date is shown in Graph 1. 
The manufacturing fraternity plays a key role by 
performing all the tasks from ‘concept to commissioning’ 
for those investors who invest in wind turbines either for 
sale to the utilities or for using the generated power for 
their captive consumption. The captive use of electricity 
generated by power intensive industries like cement and 
textiles are the reason why Tamil Nadu has clinched the 
number one position in installed capacity of wind power in 
the country with a capacity of approximately 7100 MW out 
of about 17,530 MW installed in the country so far. 


Key Drivers 

It is important to note that the majority of investments in 
the wind power segment is from the private sector. Investors 
take advantage of the policy of accelerated depreciation 
(AD) which was earlier 100 per cent and later reduced to 
80 per cent for investment in wind energy. The concept of 
AD which is a tax deferral and not a subsidy has played a 


The industry and the 
government need to work 
together to put in place a policy 
on repowering old turbines that 
are not efficient and yet occupy 
the best land area. 
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Graph 1. Growth of annual installed capacity of wind power in India (MW) 
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greater role in internal fund accrual that can be used as an 
equity of 30 per cent and balance borrowed from the banks. 
The power intensive units like cement and textile used the 
generated power for captive consumption with a wheeling 
and banking arrangement. 

It is popularly believed that AD is a financial instrument 
and is not energy driven. The industry has placed before 
the Ministry the plant load factor (PLF) on wind turbines 
of all classes of turbines for 3 years (Table 2) wherein the 
PLF has in fact gone up despite installations taking place 
away from high wind areas. The AD has been withdrawn 
as of 31 March 2012. The industry has made a plea to allow 
AD for at least the micro, small and medium enterprises 
(MSME) sector with an installation of 5 MW per annum 
per company and more for captive consumption. The 
government is yet to take a decision on this issue. 

Generation based incentives (GBI) was announced for 
4000 MW for 50 paise per unit and with a cap of 62.5 lakhs 
per MW. There were not many takers and at the end of 11th 
Plan period only 1900 MW was under GBI as the incentive 
was not neutral to AD. The programme also ended in March 
2012. The industry made a plea for continuance of the old 
programme which was not accepted and is now awaiting a 
new policy on GBI. 

The concept of the renewable energy certificates (REC) 
was introduced in November 2010 in line with the renewable 
purchase obligations (RPO) of various states. It was 
decided that the state utility would pay the generator, the 
average procurement pool cost (APPC) and the certificate 
issued could be auctioned in any of the three exchanges. 
Unfortunately, the recent auctions have shown ruling at the 
floor price. The REC trading will become buoyant only if 
RPO obligations are met by the various states with a yearly 
increase of one per cent. It is also important to observe 
that while the RPO obligation is mandatory, there are no 
penalties for non compliance. 
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Table 2. PLF of wind turbines (all India and all class of turbines) 











2520.493 2817.622 2902.956 

2006-07 1490.80 PLF 19.30 PLF 21.58 PLF 22.23 
per cent per cent per cent 

2696.119 2855.620 

2007-08 1367.26 PLF 22.51 PLF 23.84 
per cent per cent 

2878.835 

2008-09 1351.75 PLF 24.31 
per cent 


Source: IWTMA, 2010 


The market has seen a paradigm shift from that of retail 
to one of medium and large independent power producers 
(IPPs). It is popular thinking that if CERC guidelines on 
tariff were followed by all the states no other incentive would 
be required. It is unfortunate that wind power is seen as just 
another source of power. It is not seen as an instrument that 
arrests climate change and global warming, complements 

P other sources of energy during high wind season, conserves 
depleting fossil fuels and plays a significant role in India’s 
energy mix. 


Challenges and Opportunities 

The 12th Plan targets generation of 15000 MW between 
2012 and 2017. The industry feels confident that if investor 
friendly policies and sufficient grid evacuation is available, 
they can reach 25000 MW or 5000 MW per annum. 
The industry is equipped with sufficient manufacturing 
capability. However the achievement of 25000 MW is still 
not enough if we are to reach a goal of 15 per cent RE by 
2020 under the National Action Plan for Climate Change 
(NAPCC). 

The land used by wind turbines is on a foot print basis, 
leaving the operational space around the turbine where 
agriculture can co-exist. Rules have to be simplified for 
conversion of land from agriculture to non-agriculture 
status to ease installation. Similarly, the wind energy 
installation in forest areas is minimal where high wind 
energy may be harnessed. 

l The industry and the government need to work 
t together to put in place a policy on repowering old turbines 
that are not efficient and yet occupy the best land area. 
A study has been done by World Institute of Sustainable 
Energy (WISE) points out that a multiplier factor of 2 to 
2.5 applies if old turbines are removed and high efficient 
turbines are installed. The turbines which are removed can 
be refurbished and exported to many countries where wind 
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Wind turbine manufacturing centre near Chennai 


energy programmes have just started. 

The industry is cooperating with the government 
on forecasting and scheduling of power but it has many 
challenges. If however properly formatted, between 
national and state load despatch centres, wind power which 
is termed as ‘infirm’ can definitely become ‘semi firm’. 

Yet another positive factor of this industry is the 
contribution of wind energy in the socio-economic change 
of rural India whereby rural hamlets in many states 
have seen a sea change in the economic development - 
demonstrated through schools, colleges, hospitals, hotels, 
eateries and small businesses that have sprung up in these 
areas. It has helped the rural employment both in project 
stage as well as in the operation and maintenance phases 
as every project of wind energy is in-built with a corporate 
social responsibility. 

The industry is happy with the government's 
announcement to aid ailing DISCOMs and state utilities to 
create infrastructure so as to provide better assistance to 
the DISCOMs. It is true that some utilities have not paid 
the generators for over a year. It is ironical that the National 
Clean Energy Fund, a cess on domestic and imported coal, 
is lying idle while this industry is in urgent need of funds to 
create infrastructure, especially in evacuation. 


Conclusion 

Renewable energy and more so wind power is a perennial 
power source which is of prime importance today considering 
the fact that we are facing the threat of depleting fossil fuels. 
It is a choice that the government and the people will have to 
make to introduce investor friendly policies to maximise this 
sector which does not have any fuel cost, is rural economy 
driven, with almost all the investments arising from the 
private sector. © 


The author is Chairman, Indian Wind Turbine Manufacturers 
Association, Chennai. Email: rkymal@gamesacorp.com 
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Table 3: Estimation of installed wind power potential at 50 m and 


80 m hub-height. 
Estimated potential (MW) 


States / UTs 7 
@ 50m ($) @ 80m (* #$) 





Andaman & Nicobar 2 365 
Andhra Pradesh 5394 14497 
Arunachal Pradesh* 201 236 
Assam* 53 112 
Bihar p 144 
Chhattisgarh* 23 314 
Daman and Diu - 4 
Gujarat 10609 35071 
Haryana - 93 
Himachal Pradesh * 20 64 
Jharkhand - 91 
Jammu & Kashmir * 5311 5685 
Karnataka 8591 13593 
Kerala 790 837 
Lakshadweep 16 16 
Madhya Pradesh 920 2931 
Maharashtra 5439 5961 
Manipur* 7 56 
Meghalaya * 44 82 
Nagaland * 3 16 
Odisha 910 1384 
Puducherry - 120 
Rajasthan 5005 5050 
Sikkim * 98 98 
Tamil Nadu 5374 14152 
Uttarakhand * 161 534 
Uttar Pradesh * 137 1260 
West Bengal* 22 22 
Total 49,130 1,02,788 


* Wind potential has yet to be validated with actual measurements. 

# Estimation is based on meso scale modelling (Indian Wind Atlas). 

$ As actual land assessment is not done on a conservative consideration 2 per cent 
land availability for all states except Himalayan and north eastern states, Andaman 
& Nicobar Islands and poor windy states has been assumed. In other areas 0.5 per 
cent land availability has been assumed. 


Source: C-WET 


2006, the Ministry was re-christened as the Ministry of 
New and Renewable Energy (MNRE). 

During the period from 2002 to 2012, the growth 
momentum in the Indian wind energy sector picked up. The 
pace of development was marked by formulation of right 
regulatory framework, incentive mechanism, flourishing 
component manufacturing industry, emergence of local 
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players and coming in of multinational companies as well 
as technology advancement. During this period India saw 
massive addition in its wind power capacity (Table 2). 

The MNRE in the twelfth five year plan period i.e 
2012-17 has fixed a capacity addition of 15,000 MW for 
wind power alone and remaining 15,000 MW from other 
renewable sources like solar, small hydro, biomass, bagasse 
cogeneration etc. This will push the net installed capacity 
of wind power to about 32,000 MW and total renewable 
capacity is expected to be 55,000 MW. 

The wind power generation capacity in India is 49,130 
MW as per the official estimates in the Indian Wind 
Atlas (2010) by the Centre for Wind Energy Technology 
(C-WET). The potential is calculated with respect to 2 per 
cent land availability at windy locations and pertains to a 
50 m hub height level of the wind turbines. Presently large 
wind turbines with higher hub height in the range of 80-100 
m with large rotor diameters up to 120 m are available in 
the Indian market. Conceding technological advancement 
and higher wind speeds at higher hub heights, the potential 
of 49,130 MW at 50 m level if extrapolated at 80 m standard 
hub height, the projected wind potential using the same 
land availability will be in the order of 1,02,788 MW 
(not officially declared owing to lack of validation). The 
estimated installed potential at hub heights of 50 m and 80 
m by C-WET is shown in Table 3. 


Policy and Regulatory Framework 

In 1993, when the MNES issued guidelines for purchase 
of power from renewable energy sources by state utilities, 
it marked the beginning of initial policy support for 
renewable energy-based power generation in India. The 
guidelines prescribed the power purchase tariff of Rs. 2.25 
per unit, with annual escalation of 5 per cent, for power 
generated from renewable energy sources, including 
wind. Promotional measures like wheeling and banking 
of power generated from renewable energy sources were 
also prescribed in the guidelines, which were adopted by 
various state utilities. In addition to the power procurement 
guidelines, other policy initiatives were also undertaken - 
the most important being inclusion of wind power in the list 
of projects/activities eligible for 100 per cent accelerated 
depreciation. 

The most important development after this was the 
enactment of the Electricity Act, 2003 with specific 
provisions for promotion of renewable energy. The 
significant provisions of the Act that provided a boost to 
the growth in wind power are - Section 61(h) and Section 
86(1)e. While Section 61(h) gives power to state electricity 
regulatory commissions for fixing preferential tariff for 
renewable energy projects so as to promote investment, 
Section 86 enables state commissions to create a market for 
RE and co-generation projects by prescribing a minimum 
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123 MW wind power project at Theni, Tamil Nadu 


percentage of electricity to be procured from non- 
conventional energy sources. The other important aspect 
of Section 86(1)e is about providing grid connectivity to 
renewable energy power plants. 

The policies formulated to promote renewable energy 
developmentalso include the National Electricity Policy and 
Tariff Policy. The National Electricity Policy, formulated by 
the Ministry of Power, in pursuance of the provisions of the 
Electricity Act, 2003, provides direction on determination 
of percentage for renewable power procurement. The 
policy also provides a roadmap for gradually increasing 
the share of renewable power generation thereby requiring 
the various state commissions to provide increasing 
percentages for procurement of power from renewable 
energy sources. The Tariff Policy on the other hand gives 
guidance on the most critical issue of tariff for power 
purchase from renewable energy sources. It recommends 
‘preferential tariff for purchase of power from renewable 
energy sources as well as lays out a long-term strategy for 
pricing of power from RE sources. The tariff orders issued 
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by different state electricity regulatory commissions have 
3-5 years of control period. At the end of the control period 
the tariff is revised based on the new cost and performance 
parameters. 

As per Section 86(1)e of the Electricity Act, 2003, 
different state electricity regulatory commissions have fixed 
a percentage of electricity which should be purchased from 
renewable energy sources. Table 4 shows the percentages 


The National Electricity Policy, 
formulated by the Ministry of 
Power, in pursuance of the 
provisions of the Electricity Act, 
2003, provides direction on 
determination of percentage for 
renewable power procurement. 
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Table 4: Regulatory parameters for the year 2012-13 for wind energy 


Tariff fixed by commissions in INR 
per kWh 


RPS per cent 


specified 


Tariff (Years) 


Validity of Charges for captive users 





Tamil Nadu 9 per cent 3.39 (fixed) 
5.67 (Wind zone 1—CUF 20 per cent) 
4.93 (Wind zone 2 — CUF 23 per cent) 
eres tper genl 4.20 (Wind zone 3 — CUF 27 per cent) 
3.78 (Wind zone 4 — CUF 30 per cent) 
Karnataka 7-10 percent 3.70 
Andhra Pradesh 5 percent 3.50 
: 4.22 for Jaipur and Barmer districts, 
Rajasthan 43. per cent 4.44 for rest of Rajasthan 
Madhya Pradesh 2.5 percent 4.35 
Kerala 3.3 percent 3.64 (fixed) 
4.08 (with 1.5 per cent escalation per 
haryana Hper cent year, base year 2007-08) 
Gujarat 5 per cent 3.56 


Source: INWEA 


specified, tariff fixed by commission, validity period and 
charges for captive users in the states with high wind 
power potential. The RPO obligation is also applicable to 
captive generators. Some of the important regulations 
issued by the Central Electricity Regulatory Commission 
(CERC) to drive development in the wind power sector are 
summarised below: 

The CERC Tariff Regulations: The CERC issued regulations 
“for tariff determination for different renewable energy 
projects including wind power projects. It was expected that 
the subsequentstate tariffregulations and the resultant tariffs 
would follow the principal and methodology followed in 
CERC’s renewable tariff regulations. Apart from developing 
the cost and other financial parameters, the CERC tariff 
regulations also provided for the indexation of tariff and 
the tariff based on different wind zones. The indexation 
was introduced to adjust the capital cost variations during 
the control period of tariff orders and is based on steel and 
cement indices. Since the plant load factor (PLF) of a wind 
power project is dependent on the wind resource, the CERC 
regulations introduced wind zone-based tariff to capture 
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Open Access (OA) Charges 


5 per cent of energy in case of 


20 consumption at HV/EHV and 7.5 per 5 per cent 
cent in case of LV 
13 Actual OA charge Allowed 
2 per cent of 
10 5 per cent of energy energy 
input 
10 Actual OA charge Allowed 
20 50 per cent of normal OA Allowed 
charges 
25 2 per cent plus transmission Allowed 
charges 
Allowed 
20 5 per cent of energy (June-febj 
5 2 per cent of energy under OA charges Allowed 
Transmission charges and 4.40 per 
cent as transmission losses for 66 kV 
and above Monthly 
25 Transmission charges and 10 per Settlement 


cent as transmission losses and 
wheeling charges for below than 
66 kV* 


the variation in annual generation for projects located in 
different wind resource areas. 

The Rural Electrification Corporation (REC) Mechanism: 
As a tool to meet the RPO, the REC Mechanism addresses the 
requirement of optimal utilisation of resource concentrated 
in particular states without putting any cost burden on 
the consumers of the state in a market friendly manner. 
In the REC mechanism, the electricity generated from a 
renewable power project like wind power is sold to the local 
utility at the average pooled cost of power procurement of 
that utility. Besides, the project also receives an REC that 
can be sold to any utility, which in turn uses the REC to 
meet its renewable obligation. 

The CERC and some states have already issued 
necessary regulations recognising RECs as a tool used by 
the utilities to meet their renewable purchase obligations 
(RPO). The two crucial aspects of the REC mechanism are 
the enforcement provision of RPO and the floor price for 
RECs. The two aspects, in a sense, are linked to each other. 

The Central Electricity Regulatory Commission (CERC) 
has declared new floor and forbearance price for REC (solar 








y 


~ 


rr, 





and non solar) for the control period of financial year 2012- 
2017. Having these regulations and orders in place for the 
REC mechanism, the market model for wind projects is set 
to change from the long-term PPA with a preferential tariff 
to a market-dependent pricing system for electricity as well 
as RECs. If the obligated entities fail to fulfil the RPO as 
mentioned in the Regulations and also do not purchase the 
certificates, the CERC may direct them to deposit a certain 
sum determined on the basis of the shortfall in units of RPO 
into a separate fund. The fund so created will be utilised for 
the purchase of the certificates. 

Open Access: As per the Electricity Act 2003, anyone 
can have an open access to the grid for exchange of power 
with payment of necessary charge for use of the grid 
infrastructure. Open access, i.e. captive use of wind power or 
sale to a third party, is a major component of the wind power 
market today. Historically, since the guidelines were issued 
by MNES in 1993-94, the concessional open access charges 
have helped to develop this market segment. In the case of 
wind power, the power can be wheeled for own consumption 
and sold to another consumer. For such a transaction, 
necessary transmission and wheeling charges, and cross- 
subsidy surcharge (for sale of power to any consumer) are 
required to be paid. In states like Maharashtra and to some 
extent Gujarat the state commissions have made the actual 
open access charges applicable to wind projects. 


Wind Turbine Technology 

During the last one decade, India has witnessed a shift to 
bigger wind turbines as a result of improved infrastructure 
and better economics. The average size of a wind turbine 
has increased from 0.77 MW in 2004 to 1 MW in 2009 and 
the MW-class turbines now comprise over half of the new 
wind power capacity installed in the country. This progress 
is also leading many wind farm owners to consider re- 
powering of old wind power plants as an option to maximise 
utilisation of available resource potential on land. Since 
most of the Class I sites have been explored, developers are 
left with putting up wind farms in Class II and Class III 
sites. Designing a wind project on such sites and achieving 
higher generation remains a challenge. Besides, acquisition 
of private land, obtaining forest clearances, development 
of infrastructure on complex terrains, implementation of 
evacuation infrastructure, identification of new sites for 
development and scheduling and forecasting wind power 
generation are some of the bottlenecks faced by this sector 
in India. 


Manufacturing Segment 

The wind turbine manufacturing segment in India has 
grown on the back of a favourable policy framework, low 
manpower cost, raw material availability, and vast market 
potential. The presence of a number of wind turbine 
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generator (WTG) manufacturers, including international 
companies like Vestas, Enercon, GE, Goldwind, Sinovel, 
Games etc. and emergence of domestic wind turbine 
manufacturers such as Suzlon and Bharat Heavy Electricals 
Ltd have helped accelerate growth of the wind sector. 
Currently, 18 manufacturers in India have a manufacturing 
capacity of 10,000 MW. Traditionally, the manufacturers 
depend on import of certain critical components for 
the turbines. However, today almost 80 per cent of the 
components are being sourced locally. This has created 
employment potential in these industries. Many of the 
established component manufacturers like Bonfiglioli, 
SKF, LM Glassfibre etc. have set up manufacturing facilities 
in India. Besides manufacturers like Enercon, RRB, Suzlon 
and Leitner Shriram, Win Wind has also set up a blade 
manufacturing facility in India. 

Wind turbine makers started manufacturing turbines 
of 55 kW size with a smaller rotor diameter and having a 
hub height of 30 m. Some of these turbines still occupy the 
class I sites and have been functioning well. Since then, a 
lot of developments have taken place and a wide variety of 
models have come into the market. The average size of a 
turbine installed till 2002 was only 553 kW and the average 
size of cumulative installation was only 300 kW. 

Various types of generators are manufactured in India. 
Initially, the turbines were mostly the induction generator 
type with one manufacturer offering the synchronous type. 
Subsequently, opti-slip induction generators, doubly-fed 
induction generators and a hybrid model with a single-stage 
gear box integrated with a synchronous generator were 
introduced. Initially, the installation of turbines started 
with passive stall turbines with squirrel cage induction 
generator (SIG). Subsequently, active stall and pitching 
of the rotor blades with SIGs was introduced. These new 
turbine designs are well-suited for low wind conditions of 
the country and the increased PLF of these turbines further 
confirms the fact. 

The Indian manufacturers have ramped up their 
production capacity over a period of time. Besides meeting 
the domestic demand, some manufacturers have also started 
exporting turbines. The wind turbines manufactured 


The average size of a wind 
turbine has increased from 0.77 
MW in 2004 to 1 MW in 2009 
and the MW-class turbines now 
comprises of over half of the new 
wind power capacity installed in 
the country. 
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in India have been exported to countries like Thailand, 
Turkey, Estonia, Netherlands, the UK, USA and Sri Lanka. 
According to the World Institute of Sustainable Energy 
(WISE), the annual wind turbine manufacturing capacity 
in India is likely to exceed 17,000 MW by 2013. 

The support schemes for wind energy provided for at 
the Central and State government are as follows: 
Generation-based Incentive (GBI): Initially implemented 
in June 2008 and then re-launched in December 2009 by 
the Union government for grid-connected wind power 
projects, under the scheme for wind power, a GBI @ Rs. 
0.50 per unit of electricity fed into the grid is provided for 
a period not less than 4 years and a maximum period of 10 
years with a cap of Rs. 62 lakhs per MW. The scheme was 
in parallel with accelerated depreciation but on a mutually 
exclusive manner. The total disbursement in a year should 
not exceed one fourth of the maximum limit of the incentive 
i.e. Rs. 15.5 lakhs per MW during the first four years. The 
scheme includes captive wind power projects, but excludes 
third party sale. There is no minimum capacity fixed under 
the scheme. The scheme is applicable for the projects 
commissioned on/after 17.12.2009. Eligibility criteria are 
that projects should not avail accelerated depreciation and 
should sell the electricity to grid at a tariff fixed by SERC/ 
state govt. The projects have to register on-line with Indian 
Renewable Energy Development Agency (IREDA). 

At present, continuation of the generation based 
incentive is under consideration by the Union government 
and may be continued beyond the 11th Plan period. This 
scheme expired on 3lst March, 2012 and it is likely to be 
announced with some modification by MNRE. There is 
a need for an early announcement since wind capacity 
addition has fallen significantly during the current year. 
Accelerated Depreciation (AD): The main driving force 
and the real incentive for development of wind sector has 
been the provision for accelerated depreciation of 80 per 
cent, an incentive also available to many other sectors. 
This provision has enabled large profit making companies, 
small investors and captive users to participate in the 
sector. However, independent power producers (IPPs) and 
foreign direct investments (FDI) were not able to avail of 
the accelerated depreciation provision. While IPPs may 
not be interested in the AD benefit, there is a whole class 


The target of 15 per cent of 
renewable power by 2020 can 
be achieved only if the wind 
sector is allowed to grow 
without brakes and policy 
withdrawals. 
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of small and medium enterprises who would be willing to 
invest in wind power for captive consumption provided the 
AD benefit is available. 

Renewable Energy Certificates (RECs): The trading of 
Renewable Energy Certificates (RECs) started in India in 
March 2011. The RECs were introduced to enable all states 
to buy a certain proportion of their total power purchase 
from renewable resources. While the CERC has stipulated 
floor and forbearance price for non-solar RECs and solar 
RECs, respectively, the real price of an REC is determined 
at the power exchanges. To be eligible for trading RECs, an 
RE generator must sell its power to the host distribution 
utility or licensee at the average power procurement cost. It 
is also felt that the REC market would improve a great deal 
if RPO obligations are enforced on a monthly or quarterly 
basis and the floor and forbearance rates are held valid for 
ten years. 


Other Incentives 

m 10 year income-tax holiday for wind power projects. 

= Concessional import duty on certain components of wind 
electricity generator. 

m Excise duty exemption 

m Loan facility for setting up wind power projects by IREDA 

m Feed-in/Preferential tariff, which under Section 61(h) 
of the Electricity Act, many state regulators have issued 
making it obligatory for state electricity utilities to 
buy renewable electricity at the rates specified by the 
regulator. 

m Power wheeling and banking facilities. 

m Sales tax concession/benefits. 

m Electricity tax exemption 


Conclusion 

While wind has contributed the maximum so far in terms 
of total RE capacity as well as generation, there is a feeling, 
that the wind sector is receiving a step-motherly treatment 
from the Union government. While solar is an important 
sector that has to be encouraged, the same need not be at 
the cost of the wind sector. The recent withdrawal of AD 
(while continuing the same for even coal feed boilers) has 
come as a shock to the investors and the industry. This 
coupled with absence of any notification for continuation of 
the GBI by the MNRE may result in a sharp fall in capacity 
creation in 2012-13 and beyond. Yet another weakness in 
the system is the manner of fixation of tariff and RPOs by 
SERCs without any reference to the CERC regulations. The 
target of 15 per cent of renewable power by 2020 can be 
achieved only if the wind sector is allowed to grow without 
brakes and policy withdrawals. The government needs 
to take an objective view on policies and regulations and 
ensure stability and continuity of the same over a period. © 


The author is Secretary, Indian Wind Energy Association (INWEA), 
New Delhi. Email: manish@inwea.org 
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Kerala has an abundance of wind energy resources that needs to be 
harnessed. The article is a report on the potential of wind power in the 
State, the need for it, the challenges involved in harnessing it and the 
steps taken to effectively put to use this abundant resource. 
MADHU NAIR 








erala has been blessed with an abundance of natural 
resources like sunlight, wind, water etc. The State 
has been harnessing energy from the rivers in hilly 





stations. Until a decade ago, the energy from these hydro- 
power stations was sufficient for the requirements of the 
State. However with growth in industry and changes in 
the domestic front like an increased dependence on new 
generation home appliances, there was an increase in 
energy requirements. The State has a storehouse of hydro- 
power that can be tapped but greater concerns about its 
effects on the environment have caused the State to look 
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terrains which are ideal locations for hydro-power 


Installation of 
wind masts near 
Ramakkalmedu 


at other viable forms of energy, particularly renewable 
energy. From among the various sources of renewable 
energy available for power generation, energy from wind 
power has emerged as the most promising source. It is 
estimated to be the most viable and cost effective option 
for grid connected power generation. 


Wind Power Potential 

The Agency for Non-conventional Energy and Rural 
Technology (ANERT), the State Nodal Agency responsible 
for implementing renewable energy programmes in the 
State began studying the potential of wind power way back 
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in 1990 with technical backup from the Field Research 
Unit (FRU) of the Indian Institute of Tropical Meteorology 
(TTM). This was under the project called “Wind Monitoring 
Project’ of the then Department of Non-conventional 
Energy Sources (DNES), Government of India. Later, along 
with the Centre for Wind Energy Technology (C-WET), the 
ANERT conducted many studies throughout the State for 
identifying potential sites for wind power generation. So far, 
17 sites with wind density of above 200 W/m? (or wind speed 
above 15 km/h) have been identified (Table 1). The presently 
identified sites are spread out in the districts of Idukki and 
Palakkad with Ramakkalmedu in Palakkad having the second 
highest wind density in India after Jogimatti in Karnataka. 
These windy areas are situated in the eastern mountainous 
regions of the State bordering Tamil Nadu. The seasonal 
wind that blows from the south-west in summer and the 
one which blows from the north-east in winter are the main 
resources. Out of the 17 sites, a micro survey was conducted 
in seven sites and the results were very encouraging with an 
estimated potential of 754 MW (Table 2). 


Obstacles to Wind Power 
Development 

It is important to mention here that even though the wind 
energy potential of Kerala was identified years ago, there 


Table 1. The annual mean wind speed and wind power density of 
sites in Kerala 





Wind Wind 
Name of st vm al oA 
50 m m?) at 50 m 

Kailasamedu Idukki 24.5 300 
Kolahalamedu Idukki 17.8 174 
Kulathummedu Idukki 22.02 239 
Kuttikkanam Idukki 18.0 181 
Panchalimedu Idukki 20.9 285 
Parampukettimedu Idukki 28.4 525 
Pulfikanam Idukki 18.5 187 
Ramakkalmedu Idukki 29.7 534 
Senapathi Idukki 20.7 233 
Sakkulathumedu Idukki 28.6 533 
Pushpagiri Idukki 21.7 223 
Kanjikode Palakkad 23.7 249 
Kottamala Palakkad 20.5 187 
Kottathara Palakkad 20.7 243 
Nallasingam Palakkad 24.1 377 
Tolannur Palakkad 17.2 157 
Ponmudi Thiruvananthapuram 18.7 220 








The terrain in Kerala shows a high potential of wind power 


were no remarkable efforts made to harness it. The reasons 
for this are many, beginning with the geography of the 
sites to the fact that the State was enjoying the benefits of 
abundant and cheap hydro power. 

The hilly terrain of the identified sites is a major 
hindrance for the development of wind power in the State. 
Moreover the sites are located in remote areas, many 
of which are not connected by proper roads. Most of the 
available roads are narrow and the curves are too sharp 
making it impossible to transport the long blades to the 
respective sites. As a consequence the capacity of the single 
units often has to be reduced even though higher potential 
is available at these sites. 

Government land is available at many sites but the 
access to most of the sites is very difficult. Private lands 
available at the potential sites are mainly agricultural fields 
and hence land cost is high. As a practice, cranes are used 
to erect the high wind towers. However the hilly terrain 
makes this task impossible. Moreover the process requires 
that the cranes at each site be assembled, used for the 
erection of the tower at that particular site, dismantled and 
then moved to the next site. This is a very time consuming 
process and increases the cost by way of rent, labour etc., 
since assembling and dismantling of these big cranes 
require at least a day. Additionally due to the remoteness of 
the locations, power evacuation facilities are also not easily 
available. However to overcome the above mentioned 
obstacles, the State Government formulated a Renewable 
Energy Policy in 2002 and modified it in 2004 & 2007 to 
attract private participation in order to harness maximum 
wind power. With these amendments in force, the ANERT 
was entrusted with the responsibility of evaluating the 
proposals on wind farm projects in the State and to issue 
technical sanction. In 2011, the State Government took a 
policy decision that 5 per cent of the income generated 
from the sale of electricity generated from wind mills 
installed in the tribal lands would be paid to the respective 
tribal land owners. This was an encouraging step towards 
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Table 2. Estimated potential of selected sites in Kerala 


Kanjikode 280 
Nallasingam 80 
Tolannur 10 

Ramakkalmedu 80 
Panchalimedu 40 

Parambikettumedu 20 
Kulathumedu 244 


solving issues related to the installation of wind farms in 
tribal lands. The private land available at the potential 
sites is mainly agricultural land, the cost of which is very 
high. There have been suggestions that there be revenue 
sharing between the land owners and the developers so as 
to overcome the crisis of high cost of land. In doing this, the 
revenue generated will be divided proportionately and thus 
it is expected to be an attractive option. Another suggestion 
is to permit the multiple use of the land for attracting land 
owners to the programme. For the site at Ramakkalmedu,. 
it was suggested that the blades be brought through Tamil 
Nadu, since Theni in Tamil Nadu is easily accessible from 
Ramakkalmedu. The first machine in Kerala to produce 
electricity from wind power was the 100 kW wind machine 
installed by the Kerala State Electricity Board (KSEB) at 
Kottamala of Palakkad district in 1995. This was dismantled 
recently. Later the KSEB installed a 2.025 MW wind farm 
at Kanjikkode of Palakkad district with Central Financial 
Assistance (CFA). Nine machines of 225 kW capacity were 
installed there and are still working, but with a very low 





The German delegation under Indo-German Energy Programme making 
a presentation before Sri. Aryadan Muhammed, Minister for Power, 
Government of Kerala, Sri. K C Venugopal, Minister of State for Power, 
Government of India and Sri. Elias George, Additional Chief Secretary, 
Power Department, Government of Kerala. 
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In 2011, Kerala took a policy 
decision that 5 per cent of 

the income from the sale of 
electricity generated from wind 
mills installed in the tribal lands 
would be paid to the respective 
tribal land owners. 


plant load factor (PLF). This is the first of its kind in the 
State and is the only one in the Government sector till now. 
Two more wind farms were installed — one at Kuruvikkanam 
and Pushpakandam in Idukki and the other at Attappadi in 
Palakkad. At Kuruvikkanam and Pushpakandam, the total 
installed capacity is 14.25 MW. Here 19 machines of 750 kW 
capacity each were installed. At Attappadi, 31 machines of 
600 kW capacity were installed for a total capacity of 18.6 
MW. Independent power producers (IPP) have installed 
these wind farms that are now working satisfactorily. The 
important factor is that these wind farms have a PLF that is 
above the national average. 

Technical sanctions for installing a 20 MW wind farm 
at Kanjikkode in Palakkad were released recently. The 
installation work of the same will be starting soon. Recently 
the ANERT, with the technical support of the C-WET, 
installed data collection masts of 80 m high at Kanjikkode 
in Palakkad and Vandiperiyar in Idukki. Another six sites 
were identified for installing 80 m high wind data collection 
masts and the work in these sites will be completed soon. Of 
these six sites, two are in the coastal area. 

A German delegation comprising of the Deputy Director 
of the Indo-German Energy Programme, Dr. Hermann 
Herz and the Programme Director, Mr. Jens Burgtorf, 
visited Kerala in June 2012, to understand the possibilities 
of power generation from renewable energy sources 
in the State, especially from offshore wind farms. The 
delegation held discussions with Sri. Aryadan Muhammed, 
the Minister for Power, Government of Kerala, Sri. K. C. 
Venugopal, Minister of State for Power, Government of 
India, Sri. Elias George, Additional Chief Secretary, Power 
Department, Government of Kerala and officials of ANERT. 

The Government of Kerala is now planning to modify 
the renewable energy policy so as to attract more private 
participation and it is expected that soon God’s Own 
Country will be able to harness its resources in the best way 
possible for a brighter tomorrow. @ 


The author is Programme Manager, Agency for Non-conventional 
Energy and Rural Technology (ANERT). Email: madhu@anert.in 


October 2012 


RE Feature 









"PROFILE 


Wind energy in Tamil Nadu has 
witnessed tremendous growth propelling 
the State to the number one position in 
India in terms of renewables. However 
the challenge that remains is the huge 
investment that is needed on evacuation 
infrastructure and grid management. 
KAMALASEKHAR 
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nfrastructure development of any country is an important 

aspect for its sustainable development. Besides water 

and roads, electricity is one of the core components of 

infrastructure development. The demand for power has 
grown rapidly and today we find it difficult to match demand 
and supply. India faces a formidable challenge in meeting 
its energy needs and providing adequate and affordable 
energy to all sections of society in a sustainable manner. 
In this regard Tamil Nadu has been actively involved in 
augmenting the power generation capacity of the State. 
The government of Tamil Nadu has identified wind energy 
as a potential source of electricity among all renewable 
energy sources and is extending various fiscal incentives 
and attractive policies. 


Initiative of MNRE 

The Government of India (Gol) through the Ministry of 
New and Renewable Energy (MNRE), [previously known as 
Department of Non-conventional Energy Sources (DNES) 
till 1992 and later as the Ministry of Non-conventional Energy 
Sources (MNES)] initiated the wind power programme for 
the introduction of new technology, for capacity addition of 
power generation and to invite private sector participation 
in the wind sector. The wind power programme includes 
a comprehensive wind resource assessment programme, 
research and development, implementation of 
demonstration projects to create awareness, development 
of infrastructural capability, development of capacity of 
manufacturing, installation, operation and maintenance of 
wind turbines and the creation of a conducive policy. In 1986, 
the DNES also launched demonstration wind farm projects 
for the states. In fact the Ministry has played a pivotal role 
by introducing attractive fiscal and promotional incentives 
at the Central and state levels to encourage private investors 
and developers to take up commercial projects in the area 
of wind energy. 


Tamil Nadu Wind Pass 


Tamil Nadu is blessed with natural meteorological and 
topographical settings for wind power generation. In Tamil 
Nadu there are four passes namely ‘Palghat’, ‘Shengottah’, 
‘Aralvoimozhi’ and the recently identified ‘Cumbum Pass’ 
that are endowed with heavy wind flows during the South- 
West monsoon. The wind period starts at the end of April 
and ends at the end of September in a given year. The 
months of July and August are the peak season for the 
winds. 


Demonstration Projects 

In 1986 when the Gol through the DNES announced the 
programme of setting up of demonstration wind farm 
projects, the Tamil Nadu government welcomed the 
proposal and established the country’s first demonstration 
wind farm project of 1.15 MW at Mullakadu in Tuticorin 
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SHENGOTTAH PASS Tirunelveli,Tuticorin 

ARALVOIMOZHI PASS Kanyakumari, Radhapuram,Muppandal 
CUMBUM PASS Theni, Cumbum and Andipatti 

PALGHAT PASS Coimbatore, Dindigul 


district in the year 1986 itself. Subsequently, 120 wind mills 
with a total capacity of 19.355 MW were set up in the period 
of 1986 to 1993. Based on the successful functioning of these 
demonstration wind farms, private developers began to 
take a keen interest in this sector and set up a large number 
of windmills in the State. 


Commercial Deployment 
The Ministry took a lead to help set up these demonstration 
wind power projects with the objective to create the 
necessary infrastructure and to open up the sites for 
commercial development by demonstrating the success, 
so that the private sector is encouraged to invest. After 
Tamil Nadu, the states of Gujarat, Rajasthan, Maharashtra 
and Karnataka followed suit. The demonstration sites 
helped private investors in analysing the performance and 
economics of wind power projects and identifying the areas 
of concern in the operation of wind based power projects. 
In 1986 itself, private industries were permitted to 
harness wind energy to meet the power requirements of 
their enterprises. This led to the private sector setting up 
wind mills from 1990 onwards. Table 1 shows the yearly 
wind capacity addition of commercial deployment. Pas 
In the year 2004 when the Gol announced the technology 
upgradation fund (TUF) to textile industries, in order to 
meet their power demand, they started investing in the wind 
sector and established wind farms. Due to this, durimg the 
year 2004 the capacity reached over 857 MW Byrd on the 
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success of Tamil Nadu, states like Gujarat, Rajasthan and 
Andhra Pradesh adopted the Tamil Nadu model. 


Incentive Extended 

In order to promote wind energy in large scale commercial 

operations, the Tamil Nadu government extended various 

incentives. These included: 

m 80 per cent accelerated depreciation in the first year, 

m Concessional custom duty on certain components of wind 
electric generators, 

a Excise duty exemption, 

a Ten years tax holiday on income generated from wind 
power projects, and 

m Loans from Indian Renewable Energy Development 
Agency (IREDA) and other financial institutions. 


Policies Adopted Based on Ministry’s 

Guidelines 

As per the MNES guidelines issued during 1995, the 

following policies were undertaken: 

a The minimum purchase rate of Rs. 2.25 per unit with 5 
per cent escalation every year for a period of 5 years. 

a Wheeling of wind energy at a minimum of 5 per cent 
wheeling charges. 


“Small wind turbine at 
Thirunelveli, Tamil Nadu 
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In the year 2004 when the GOI 
announced the technology 
upgradation fund (TUF) to textile 
industries in order to meet their 
power demand, they started 
investing in wind sector and 
established wind farms. 


a Banking of wind energy for one year from 1 April of a said 
year to 31 March of the succeeding year with 5 per cent 
banking charges. 

= Boundary distance to be maintained for wind energy 

generator (WEG) 

a D+5 metres (where D is the diameter of the rotor). 

m Micrositing distance adopted 5D x 7D. 

a The evacuation work carried out by the Tamil Nadu 
Electricity Board (TNEB) on collection of the deposit 
contribution work (DCW) amount from the WEG. 


Policies Under the TNERC 

Based on the MNRE guidelines, Tamil Nadu Generation 
and Distribution Corporation Ltd. (TANGEDCO) fixed the 
tariff rate and other terms and conditions for wind energy 
and followed the same upto 15 May 2006, after which Tamil 
Nadu Electricity Regulatory Commission (TNERC) issued 
the first tariff order for wind energy and subsequently 
issued a further order. TANGEDCO then adopted the same. 


Power Evacuation 

Normally, wind electric generators are interfaced at 11 kV. 22 
kV and 33 kV levels, depending upon the voltage level of the 
network available in that area. Initially all the dedicated wind 
farm sub-stations of 110 kV and 230 kV level and the required 
extra high tension (EHT) lines were established by the TNEB. 
The gestation period of the windmills is 2 to 3 months, but 


Table-1. Initial yearly capacity addition in Tamil Nadu 





1990-91 4775 
1991-92 1.750 
1992-93 9.500 
1993-94 48.465 
1994-95 190.865 
1995-96 282.025 
1996-97 119.420 
Total 656.80 


Sources: NCES Dept./TANGEDCO 


the power evacuation works require at least 6 months to 1 
year for completion. Due to sudden spurt in windmill growth 
during 2002, there has been a mismatch between installation 
of windmills and power evacuation. In order to cope with 
the pace of development of the wind energy sector, from the 
year 2003, private WEG manufacturers/ promoters were 
permitted to create the required infrastructure facilities of 
110 kV, 230 kV sub stations and EHT lines on reimbursement 
basis. Additionally, the TNEB formed a ‘Task Force’ in August 
2006 consisting of members of the Indian Wind Turbine 
Manufacturer Association (IWTMA) and the Indian Wind 
Power Association (IWPA). The task force meetings were 
conducted once every three months. This helped in planning 
the development of infrastructure to evacuate wind energy. 
Now the developers are establishing their own 110 kV and 
230 kV substations for their clients and also maintaining the 
sub-stations on their own. 


Augmenting Evacuation Infrastructure 
The total installed generation capacity of Tamil Nadu 
including renewable energy is 18155 MW as on 31 March 
2012 (Table 2). The total power demand of Tamil Nadu is 
14,000 MW, whereas, TANGEDCO generation and share 
is around 10,000 MW and therefore there is a shortage of 
4000 MW. The shortage of 4000 MW is partly met by wind 
generation. The installed capacity of wind energy of Tamil 
Nadu as on 31 July 2012 is 7084.175 MW (Table 3) and an 
addition of 3000 MW is underway. Further, applications for 
a capacity of 10,800 MW are pending and are in the process 
of load flow study. 


Table-2. Tamil Nadu power position as on 31.03.2011 


Generation in MW 





Sector wise 


TNEB’s own generating stations 


Thermal 2,970 
Hydel 2,223 
Gas 516 
Private sector power plants 1,180 


Share from central sector generating stations 2,956 
External assistance 305 


Others (captive power plants) 214 





Total 


Renewable energy 

Wind mills 6,970 
Co-generation 637 
Biomass 169 
Solar 15 
Grand total 18,155 


Sources: Planning Dept./TANGEDCO 
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Table-3. Wind mill capacity as on 31-07-2012 (Board & Private) 


Installed Capacity in MW 


Upto 1997 0.000 676.155 
1997-1998 31140 707.295 
1998-1999 17765 725.060 
1999-2000 45.675 770.735 
2000-2001 41.895 812.630 
2001-2002 44.035 856.665 
2002-2003 133.600 990.265 
2003-2004 371.225 1361.490 
2004-2005 678.735 2040.225 
2005-2006 857.555 2897780 
2006-2007 577.910 3475.690 
2007-2008 381.075 3856.765 
2008-2009 430.975 4287740 
2009-2010 602.025 4889.765 
2010-2011 997.400 5887165 
2011-2012 1083.460 6970.625 
mee 113.550 7084175 


Sources: NCES Dept./TANGEDCO 


Achievements 
The state of Tamil Nadu has made many strides in the field 
of wind energy. Some of these are listed below: 
a The installed capacity of wind energy of Tamil Nadu is 
7084.175 which is 40 per cent of India’s wind capacity. 
a The State had an all time high wind capacity addition of 
1083 MW in 2011-12. 
a Tamil Nadu also had an all time high wind generation of 
4050 MW on 6 August 2012. 
a The 13th Finance Commission has recommended a grant 
in aid of Rs. 455 crore to Tamil Nadu for capacity addition 
of 600 MW for the period 2010 to 2014. However the 
capacity of 997 MW of wind was added during 2010 itself 
and the 13th Finance Commission was requested to release 
the grant. 
a On 30 June 2008, the Prime Minister’s Council on Climate 
Change approved the National Action Plan on Climate 
Change (NAPCC). The NAPCC stipulates that a dynamic 
minimum renewable purchase target of 5 per cent (of total 
grid purchase) may be prescribed in 2009-2010 and this 
should increase by 1 per cent each year for a period of 10 
years to reach 15 per cent in 2020. The TNERC had fixed 
a Renewable Purchase Obligation (RPO) of 13 per cent for 
the year 2009-10 and 14 per cent for the year 2010-11. 

The MNRE in the 12th Five Year plan (2012-2017) 
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has envisaged a growth capacity addition of 30,000 MW 
of renewable energy power with as much as 15,000 MW 
from wind energy alone. In Tamil Nadu the wind energy 
investment is from small and medium sized industries that 
individually install less than five machines in a year. The 
main driving force for the small and medium sized industries 
until 2009 was the provision of accelerated depreciation of 
80 per cent. This provision enabled both large profit making 
companies, small investor and captive users to participate 
in the sector. However with independent power producers 
(IPPs) and foreign direct investors (FDIs) entering Tamil 
Nadu with a capacity for bulk generation has led to the 
reduction of accelerated depreciation to 15 per cent. The 
response to this change can be assessed at the end of this 
financial year on 31 March 2013. Secondly, the transmission 
infrastructure is the responsibility of state transmission 
utilities (STU), but many STUs are not financially healthy 
to invest in the required transmission upgrades. In order 
to evacuate the present capacity of 7084 MW and ensure 
the regular capacity addition, bodies like the TANGEDCO/ 
TANTRANSCO need around Rs. 4,160 crores. 

Thirdly, even though the all time highest peak of wind 
reached 4050 MW on 6 August 2012, the generation pattern 
has been erratic resulting in difficulty in managing the grid. 
Even though the CERC vide its Indian Electricity Grid Code 
2010 mandated the scheduling and forecasting of wind 
energy, it is at the pilot project study stage only. However if 


Wind farm in 
Muppandal, Tamil Nadu 


j 
t 
j 
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The MNRE in the 12th Five Year 
plan (2012-2017) has envisaged 
a growth capacity addition of 
30,000 MW of renewable energy 
power with as much as 15,000 
MW from wind energy alone. 


the generators forecast the generation of wind energy and 
give clear schedules, the grid can be managed effectively. 


Government initiative 

The government of Tamil Nadu is giving the necessary 

impetus to the initiative taken by the State. In a document 

termed ‘Tamil Nadu Vision 2023, released on 22 March 

2012, the government envisages a total investment of Rs. 

4,50,000 crores in the energy sector. This will include: 

m Rs.1,70,000 crores towards development of power generation, 

a Rs. 2,00,000 crores to development of transmission and 
distribution network, 

a Rs. 25,000 crores towards development of wind energy 
sector and, 

m Rs. 55,000 crores for development of solar energy sector. 

m Additionally there are plans to set up a centre for excellence 
in the area of clean energy technology including solar, 

a Establishment of separate 400 kV wind power corridor, 

a Comprising establishment of 3 nos. 400 kV substations 

a 393 kms of 400 kV DC line. 

a Estimated capital cost of Rs. 1076.72 crore, and, 

s Establishment of a separate central load dispatch centre 
to monitor the wind power generation. 


Conclusion 

The State government has been extending various incentives 
such as preferential feed-in tariff, wheeling of wind energy 
to any HT/LT services, third party sale, banking of wind 
energy; payment for any unutilised banked energy at the 
end of the banking period, REC schemes, absorption of all 
the energy generated upto the grid capacity. Even though 
various studies have shown that huge wind potential is 
available in the State, the viability of the capacity addition 
has to be studied in comparison with other thermal and hydel 
generation capacity addition in the light of the consumers/ 
public interest. But it goes without saying that Tamil Nadu 
has discovered the potential of wind and will do everything 
possible to ensure that it harnesses this promising form of 
renewable energy. @ 

The author is Asst. Executive Engineer, Non-conventional Energy 


Sources, Tamil Nadu Generation and Distribution Corporation Ltd. 
Chennai. Email: aeences@tnebnet.org 
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Testing of Small 
Wind Turbines 


The potential of wind energy in solving the energy crisis is 
significant and the small wind turbines popularly known 
as SWTs are poised to go a long way in achieving energy 

empowerment for rural India. This article seeks to explain 

the mechanism behind the technology of SWTs. 
RAJESH KATYAL 
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raditional ‘mega-power’ production of electricity 

is insufficient in today’s scenario considering 

exponential industrial growth along with higher 

living standards. However mass use of battery stored 
renewable energy would mitigate and even overcome peak 
load demands especially in villages. It is in a scenario such 
as this that micro-generation which includes technologies 
like small wind turbines/aerogenerators can act as catalysts 
to bring about cultural changes in consumer attitude. This 
will in turn facilitate the availability of power to the rural 
poor in the Indian context. 

The small wind turbine (SWT) market has been 
on the upswing globally for the last 2-3 years. SWTs 
find application in isolated or stand alone systems, 
mainly rural electrification, commercial applications 
(telecommunication towers) etc. There can be different 
types of small wind turbines - upwind, downwind, 
horizontal axis wind turbines (HAWTs), vertical axis wind 
turbines (VAWTs) and different variations of HAWTs and 
VAWTs. 

Most of the existing systems come under the category 
of stand alone systems. Hybrid systems constitute a major 


z blade 
x blade 





y shaft 


Fig 1. System of Axes for 
HAWT 
Source: IEC 61400-2 


Mini wind farms consisting of 
large number of wind turbines in 
vast open spaces have become 
a reality and serve as miniature 
power plants. In remote places 
aerogenerators meet the power 


requirements. 
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share of these isolated systems, as they combine two or 
more sources of renewable energy to ensure continuity 
of supply. Mini wind farms consisting of large number of 
such wind turbines in vast open spaces in cities have also 
become a reality and can serve as miniature power plants. 
In remote places where grid connectivity is not available 
these aerogenerators are handy to meet the basic power 
requirements. Also they can be employed in localities with 
weak grids and high winds. 

Some of the issues that have hampered the growth of 
SWTs are design, grid integration, policy support from the 
government and testing and standardisation. This article 
focuses on the issues and methods, related to testing/ 
certification of small wind turbines and strategies to 
accelerate the growth of the small wind turbine sector. 


Types of Small Wind Turbines 

Unlike large wind turbines, there are different types of 
SWTs available in the market which makes the choice of 
the most suitable SWT difficult. These include: 

m Drag and lift type SWTs 

m HAWT and VAWT 

m Upwind and downwind SWTs 

m Geared and direct-drive SWTs 

m Off-grid, on-grid and hybrid SWTs 

Hence testing of SWTs has become all the more important to 
mitigate the customer/investor risk of under performance 
thereby increasing their confidence. 


Testing of Small Wind Turbines 

To cater to the standardisation of the design of these SWTs, 
the international standard IEC 61400-2(2006) [3] was 
formulated for small wind turbines/aerogenerators with a 
swept area less than 200 m? (i.e. rotor diameter less than 
or equal to 16 m) and generating at a voltage below 1000 V 
AC or 1500V DC. The standard suggests certain empirical 
formulae/equations for design documentation. 

After having dedicated years to the testing and 
certification of large MW class wind turbines, the Centre 
for Wind Energy Technology (C-WET) based at Chennai, 
now has the capability even to test the SWTs and issue 
quality type test reports. The test methodologies have 
been standardised and the adherence to procedures is 
done diligently. Presently the testing programme focuses 
on engineering integrity, safety philosophy and quality 
assurance so as to have a fail-safe design for SWTs. 


IEC Tests for Small Wind Turbines 

The different classification of tests, as per International 
Electrotechnical Commission (IEC) 61400-2[3], to be 
conducted on an SWT, based on which the integrity of the 
turbine’s design is ascertained are given as follows: 

a. Tests to verify design data, 
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b. Mechanical load testing, 

c. Mechanical component testing, 
d. Environmental testing, and, 

e. Tests on electrical sub-systems. 


Tests to Verify Design Data: The design of the SWT is 
quantified ultimately by the dimensions and the specification 
of the operation of the individual components and hence the 
tests which can be performed in-house by the manufacturer 
to verify: 

@ Designed power at rated wind speed, 

E Designed rpm, 

@ Designed shaft torque at rated wind speed, 

E Maximum rpm, and, 

@ Maximum yaw rate. 

These verifications result in the appropriate technical 
specification details finalised for the designed model. 
Mechanical Load Testing: Since the material used in the 
construction of the SWT, by virtue of its properties, has 
to be capable enough to withstand the load flow occurring 
during its operations; one critical test that has to be done 
is to determine the loads induced at critical locations in 
the structure along with the meteorological parameters 
and SWT operational data (rotor speed, electrical power, 
yaw position, turbine status). The loads may include blade 
root bending moments, shaft loads and loads acting on the 
support structure. These tests needs to be performed as per 
IEC 61400-13[5]. 

Mechanical Component Testing: This procedure includes 
tests carried on the load carrying components such as the 
blade, hub, nacelle frame, yaw mechanism and gearbox. 

These tests can be performed in-house by the 
manufacturer. The resulting data from these tests provide 
the concise picture of the components of capabilities and 
whether they live up to the design requirements envisioned 
on the design stage; in effect ensuring the reliability of 
components. 

Environmental Testing: If the SWT is designed for 
external conditions such as extreme cold, hot, desert/ 
dusty conditions outside the normal external conditions, 
the turbine shall be subjected to tests simulating those 
conditions, thus ensuring that the design adequacy in these 
spheres are verified. 

Tests on Electrical Sub-Systems: Tests shall be carried 
on all safety critical electrical sub-systems of the turbine 
such as the electrical generators/alternators, electronic 
sub-systems, etc. in compliance with the relevant IEC and 
national standards. 


Type Tests 

The present ‘type testing’ programme focuses on the 
following essential tests of the SWTs. 

E Power performance test, 
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Every small wind turbine has to 
perform its operations, yield the 
utmost benefits promised during 
the commercial transaction 

and yet safeguard itself for an 


extended life. 
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@ Safety function test, and, 

m Duration tests (replacement of load measurement test 
as in the case of large wind turbines). The three elements 
of ‘type testing’ for the conformity statement of a SWT/ 
aerogenerator are as shown in Fig 2. 

Power Performance Test: The productive yield of a 
turbine is always quantified by the annual generation 
of electrical power harnessed by the turbine. The 
power performance test provides verified data for the 
purpose and is to be carried in accordance with the 
IEC standard, (Wind Turbine Generator Systems, Part 
12: Power Performance Measurement Techniques, 
IEC 61400-12-1[2]). Small wind turbines can be used as 
battery charging devices, grid connected systems or can 
directly run electrical loads like motors or resistive load. 
For a battery charging turbine, the power performance 
measurement test must take into account the effect of 
battery state of charge (i.e. voltage variations in the load 
including float voltage levels) on power output. 

The turbine’s power performance characteristics 

are determined by the measured power curve and the 
estimated annual energy production (AEP). The measured 
power curve is determined by collecting simultaneous 
measurements of wind speed and power output for a period 
that is long enough to establish a statistically significant 
database over a range of wind speeds and under varying 
wind conditions. The AEP is calculated by applying the 
measured power curve to reference wind speed frequency 
distributions, assuming 100 per cent availability of the 
turbine.As per IEC 61400-12-1, the anemometer, to measure 
wind speeds, must be located between 2 - 4 times the rotor 
diameter from the turbine. Another anemometer will be 
located at 1.5m below the primary anemometer as a check 
on the primary anemometer. 
Measurement Setup for Power Performance Testing: 
The measurement system involves acquisition of signals 
from meteorological sensors, status signals and DC 
power signals at the output of the charge controller. The 
power curve of the wind turbine is plotted as a function 
of wind speed at standard air conditions (air density - 1.225 
kg/m*). A typical power curve of a SWT normalised to 
the peak power at standard wind speed conditions is 
depicted in Fig 3. 
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Fig 2. Type tests of SWTs 


Type test 
conformity statement 






Other test 
environmental 
(optional) 


Power 
performance 
test 


Source: IEC 61400-2 


Safety 
function 
test 


Duration 
test 


Safety and Function Test: Every SWT has to perform its 
operations, yield the utmost benefits promised during 
the commercial transaction and yet safeguard itself for 
an extended life. This sole purpose is catered to through 
the safety and function testing which verifies whether the 
SWT under test displays the behaviour predicted in the 
design and that provisions relating to personnel safety 
are properly implemented and get deployed during the 
appropriate time. 
The purpose of the safety and function test is to ensure 
a fail-safe operation of the turbine under all conditions. 
It is undertaken in accordance with provisions listed 
in IEC 61400-2. Unlike large wind turbines, the control 
and protection systems for SWTs are very simple and 
often passive. The safety and function test consists of the 
following: 
= Emergency Shutdown Operation: Brakes will be applied 
to check if the SWT shuts down at normal and high wind 
speeds. 
= Power and Speed Control: This is to ensure that the 
power and speed of the SWT remain within design 
limits. The power output and the rpm of the SWT will 
be measured. The maximum rpm shall be determined by 
interpolation or extrapolation to Vref, corresponding to 
the SWT class. 
w Yaw Control: This shall be verified by visual inspection. 
= Loss of Load: The condition shall be simulated by an 
open circuit at the SWT electrical generator terminals 
and the braking mechanism of the SWT shall be verified. 
m Over-Speed Protection: This verifies how the over speed 
protection mechanism of the SWT works under fault 


The purpose of the safety and 
function test is to ensure a fail- 
safe operation of the turbine 
under all conditions. It is 
undertaken in accordance with 
provisions listed in IEC 61400-2. 
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conditions or above design cut-out wind speeds. 

= Start-Up and Shutdown above the Rated Wind Speed: 
The start up and shutdown mechanism above rated wind 
speed for the SWT are monitored. 

In addition to the above mentioned critical functions, the 

following may also be verified if applicable. 

m Excessive Vibration Protection: The test verifies the 
vibration protection mechanism of the SWT. 

= Battery Over- and Under-voltage Protection: The test 
verifies the over and under voltage protection mechanism 
of the SWT at battery voltages outside set points, for 
battery charging systems. The battery voltage, dump load 
status and load status are monitored and correlated. 

= Cable Twist: This is to verify whether the SWT cable 
untwist influences the yawing mechanism. 

m Anti-islanding (for grid connections): This verifies 
whether any electrical system (capacitors) that by itself 
can operate the SWT shall be automatically disconnected 
from the network and remain safely disconnected in the 
event of loss of network power. 








Duration Testing 
This test is performed at the end of all the tests and is based 
mostly on the visual observations at that point of time. The 


Fig 3. Power Curve of a SWT 
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purpose of the duration test is to investigate the following: 

E Structural integrity and material degradation (corrosion, 
cracks, deformations) 

m Quality of environmental protection of the SWT 

m Dynamic behaviour of the SWT. 

The load measurement and blade fatigue tests of large 
wind turbines are replaced with the duration test [3],[4]. As 
per IEC 61400-2, the duration test requires that the SWT 
has a reliable operation during the test period including at 
least 6 months of operation, at least 2500 hours of power 
production in winds of any velocity, at least 250 hours of 
power production in winds of 1.2 Vave and above or at least 








25 hours of power production in winds of 1.8 Vave and 

above, where Vave is the annual average wind speed at 

hub height. The Vave value is determined by the SWT 

class under which the turbine falls. Reliable operation 

means operational time fraction of at least 90 per cent 

without the following events: 

m No major failure of the turbine or components in the 
turbine system, 

m Significant wear, corrosion or damage to turbine 
components, and, 

E Significant degradation of produced power at 
comparable wind speeds. 

Measurements that will be taken during the duration 
test are power production, turbine operational time 
fraction, and wind speed consisting of 10-minute 
average, turbulence intensity and wind direction. Power 
is measured by a power transducer at the point of 
connection to the electrical load. To check any hidden 
degradation in power performance, the power levels 
shall be binned by wind speed every month. The binned 
power levels shall be plotted as a function of time for each 
wind speed and any visible trends shall be investigated. 

At the completion of the duration test, a detailed 
component wear and durability check for the entire 
turbine will be conducted. It will include a visual 
assessment of the structural integrity and material 
degradation (corrosion, cracks, and deformations). 


Selection of Test Site 

The guidelines followed for the selection of site for 
undertaking tests on SWT are as per standard IEC 61400- 
12-1. The basic requirements for selection of test sites will 
depend on the terrain conditions and minimum wind 
speed requirements. Presently, the tests on SWTs are 
conducted at the Wind Turbine Testing Station (WTTS), 
Kayathar, Tamil Nadu. The wind speed statistics for 
Kayathar are as follows: 

a) Maximum average wind speed : 5-6 m/s 

b) Peak wind speed : 25 m/s 


Conclusion 

The main drivers to the growth of SWTs are the demand 
supply gap in energy, increasing fossil fuel prices, improved 
small wind turbine technology and the diverse application 
to which it can be used both for ‘grid-tied’ and ‘stand alone’ 
systems. The market for SWT technology is encouraging in 
India also, and may require market drivers like favourable 
policies, encouragement to the net metering concept, 
adoption of micro generation technologies, and reduced 
costs etc., to reach a significant level. © 


The author is Scientist and Unit Chief, Wind Turbine Research 
Station (WTRS) Chennai. Email: katyal@cwet.res.in 
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Wind energy has been used for pumping water and milling grains for 
hundreds of years. In the last four decades however, wind turbines have 
been deployed for power generation and today wind power is one of 
the most popular forms of renewable energy. 

A. JAGADEESH 


enewable sources of energy have a vital significance 
j in the context of growing concern about sustainable 
energy supply and protection of the environment 
from adverse effects of fossil fuel utilisation. The 
current pattern of energy consumption and the growing 
energy requirements due to economic development 
and population growth are essentially unsustainable. 
The staggering increase in the burden of oil import, the 
crippling effects of power shortage and the deterioration in 
environmental quality are some of the critical issues facing 
India today. Vast amounts of carbon dioxide and other 
greenhouse gases that are being emitted into the atmosphere 
by the burning of fossil fuels and other economic activities 
are causing grave concern about global warming and its 
attendant consequences. It is becoming increasingly clear 
that any effective strategy to eliminate global warming 
must involve rational and efficient use of energy and a 
gradual transition from reliance on fossil fuels to alternative 
and environment friendly energy technologies. A major 
component of this strategy will admittedly be the promotion 
of renewable energy systems. In this respect, wind energy is 
expected to play a big role. 

The advantages of harnessing it are many - wind energy 
is freely available and its production does not pollute the 
atmosphere; wind energy does not cause acid rain and does 
not contribute to greenhouse effects; and, a wind farm 
irrespective of its size has a low gestation period. 


The use of wind power is increasing at an annual rate of 
20 per cent, with a worldwide installed capacity of 238,000 
MW at the end of 2011. It is widely used in Europe, Asia, 
and the United States and the country at the helm is China 
leading with a capacity of 62, 400 MW. 


6.8 MW wind power 


ALL Adhi l l . project at Tirupur, 
The programme for demonstration of windfarms was Tamil Nadu 


initiated in 1985. Since 1992, private investors and 
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developers have taken the lead in setting up commercial 
wind power projects in the country. 

The Installed Capacity of Wind: India occupies the 5th 
position in wind power with 17644 MW as on June 2012, 
following China, US, Germany and Spain. Wind power in 
India surged in 2011, with the country crossing the 3GW 
barrier. It added 3,019 MW of new capacity. Renewable 
energy accounted for 12.1 per cent of the total installed 
capacity, of which wind power accounted for about 70 per 
cent. The state-wise wind installed capacity (till December 
2011) is shown in Table 1. 

Central Government Policies 

Accelerated Depreciation: Accelerated depreciation 
provides a way of deferring corporate income taxes by 
reducing taxable incomes in current years, in exchange 
for increased taxable income in future years. This is a 
valuable tax incentive that encourages businesses to 
purchase new assets. This benefit allows projects to deduct 
upto 80 per cent of value of wind power equipment during 
the first year of project operation. Investors are given tax 
benefits of upto 10 years. Wind power producers receiving 
accelerated depreciation benefits must register with and 
provide generation data to the Indian Renewable Energy 
Development Agency (IREDA) and are not eligible to 
receive the more recent generation based incentives. 
Central-level Generation-based Incentives: Offered by the 
Central Government since June 2008 and administered 
by the IREDA, the generation based incentives or GBI 
for wind are available for independent power producers 
(IPP) with a minimum installed capacity of 5 MW for 
projects commissioned on or before 31 March 2012. As of 
December 2009, the GBI is set at INR 0.50/kWh (USD 
0.01/kWh) of grid-connected electricity for a minimum of 
4 years and a maximum of 10 years, up to a maximum of 
INR 6.2 million (USD 140,000) per MW. The scheme will 
deploy a total of INR 3.8 billion (USD 81 million) until 2012 
and aims to incentivise capacity additions of 4,000 MW. 
Wind power producers receiving a GBI must register with 
and provide generation data to the IREDA. The GBI is 
offered in addition to SERC’s state preferential renewable 
energy tariffs. However, IPPs using GBIs cannot also take 
advantage of accelerated depreciation benefits. The GBI 
programme will be reviewed at the end of the Eleventh Plan 
and will be revised as deemed appropriate. As of December 
2011, 58 projects (Tamil Nadu-30, Rajasthan-21, Gujarat-3; 
Andhra Pradesh, Maharashtra and Karnataka-l each) had 
been registered under this scheme with over 288.8 MW 
commissioned. 

Renewable Purchase Obligations: Several states have 
implemented renewable purchase obligations or RPOs with 
a requirement that renewable energy supplies between 1 
per cent and 15 per cent of total electricity. The impact of 
the RPOs on wind development may depend on penalties 
and enforcement of targets as well as an effective REC 
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Table 1. State-wise wind power installed capacity in India 


Installed Capacity (MW) 
till 31.12.2011 


Andhra Pradesh 213 
Gujarat 2641 
Karnataka 1852 
Kerala 35 
Madhya Pradesh 330 
Maharashtra 2560 
Rajasthan 1830 
Tamil Nadu 6613 
Others 4 


Total (All India) 
Source: MNRE (2012) 


market to promote development of areas of the country 
with the most abundant wind resources. 


Conclusions 

With advanced wind turbine technology and more accurate 
wind data available, there is a wide scope to expand wind 
farms in India. Wind farm co-operatives can be started 
and a Wind Fund can be created where investments by 
individual tax payers can be exempted under section 80 C. 
This way there will be funds available for large scale wind 
farms besides ensuring large participation of people in wind 
farms. Offshore wind farms will be the future energy option 
to supplement conventional power. With extensive research 
on large size wind turbines and installation techniques of 
offshore wind turbines, the cost of power generation through 
offshore wind farms is expected to reduce in order to be 
competitive with the conventional power. Countries like 
USA, China, South Korea, Taiwan, France and Japan have 
ambitious plans to go in for offshore wind farms on a massive 
scale. All modern techniques of wind assessment have to be 
undertaken which will identify prospective locations to set 
up offshore wind farms in the country. Wind masts to obtain 
wind data at higher hub heights (about 80 m) need to be 
carried out at as many locations as possible besides resource 
measurement using Sodar and LIDAR. The Centre for Wind 
Energy Technology (C-WET) under the Ministry of New 
and Renewable Energy (MNRE) is launching a reassessment 
programme to validate the revised estimates for wind power 
potential made by various organisations that will help 
generate data for taller towers being erected in the country 
in the near future. C-WET had estimated a potential of 102 
GW at a hub height of 80 m while a decade back a potential 
of 49.2 GW was estimated at 50 m hub height. © 


The author is Head, Centre for Energy and Sustainable Resources, 
R.M.K.Engineering College, Kavaraipettai, Tamil Nadu. Email: 
anumakonda.jagadeesh@gmail.com 
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Wind power is a formidable 
source of renewable energy. The 
article seeks to acquaint the 
reader with the developments 
i in this sector with particular 

A x reference to Rajasthan. 
SUNIT MATHUR 


Demonstration project at 
Phalodi District, Jodhpur 
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ccording to ancient Indian mythology the universe 
and all that it contains, is essentially composed of 
the ‘panchtatva’ or five basic elements comprising 
prithvi (earth), jal (water), agni (light), vayu (wind) 
and aakaash (sky). Besides occupying a central place 
in mythology, wind energy has been recognised as an 
important source provided by nature that can be harnessed 
and utilised for different purposes. Wind power systems 
have been used for centuries for several purposes such as 
sailing, irrigation and for grinding grain. It was during the 
early years of the 20 century that wind power was first 
harnessed for the generation of electricity. 

Wind energy is generated by harnessing the kinetic 
energy of atmospheric air to be used in a variety of ways 
such as, wind turbines that can generate electricity, 
windmills for generating mechanical power and wind 
pumps for pumping water or for drainage. Wind turbines 
work by transforming the wind energy into mechanical 
power that can be used for conversion to electricity or for 
other mechanical purposes. Wind turbines are used either 
as stand-alone units or in groups known as wind farms. 
Small-sized wind turbines, known as aero generators are 
used for charging large-sized batteries. 

A large wind farm may consist of several hundred 
individual wind turbines which are connected to the 
electric power transmission network. Offshore wind farms 
can harness more frequent and powerful winds than are 
available to land-based installations and have less visual 
impact on the landscape. However the construction costs 
are considerably higher. 


RRECL and Wind Power Generation 

The Rajasthan Renewable Energy Corporation Limited 
(RRECL) created in August 2002 is a merger of the 
erstwhile Rajasthan Energy Development Agency and the 
Rajasthan State Power Corporation Limited. It is working 
in the capacity of a State Nodal Agency for the promotion 
and development of renewable energy sources in Rajasthan. 
The RRECL is also a State designated agency of the Bureau 
of Energy Efficiency (BEE), Ministry of Power, Government 











Table 1. The annual mean wind speed and wind power density of sites in Rajasthan 
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Around 35 studies were 
conducted in consultation with 
IITM Bangalore. Research studies 
by private investors are continuing 
at an average height of 100 
meters and more than 100 studies 
have been conducted so far. 


of India, and is responsible for the enforcement of the 
provisions of the Energy Conservation Act, 2001 in the 
State. The RRECL has been successfully implementing the 
schemes of the Ministry of New and Renewable Energy 
(MNRE) and is playing a stellar role in this regard. Various 
initiatives have been enunciated as follows: 
Wind Power Resource Assessment Programme: The 
programme took off in the year 1988 and is still continuing. 
At the outset wind masts of heights ranging from 20 - 
25 m were generally used for the measurement of wind 
power density, a measure that helps in identifying the 
wind potential of an area (Table 1). Around 35 studies were 
conducted in consultation with IITM Bangalore. Research 
studies by private investors are still continuing at an 
average height of 100 m and more than 100 studies have 
been conducted so far. As per such assessments, Rajasthan 
comes under low to moderate wind regime from the wind 
power generation view point. A total of 6 potential sites 
were finalised for the setting up of wind farms. 
The Wind Energy Development Programme in 
Rajasthan: The programme began in 1999 when the then 
Ministry of Non-conventional Energy Sources now known 
as MNRE launched a scheme of demonstration projects of 
2 MW capacity wind farms. A total of three demonstration 
projects were sanctioned by the MNRE for Rajasthan. 
With the successful establishment of the first 2 MW 
demonstration project at Amarsagar, Jaisalmer district 
where 8 wind machines of Nordex (BHEL) at a 40 metre 





Wind Power Density 





Wind Mast Site Wind Speed at 20/25 M (km/h) 

Devgarh Pratapgarh 19.88 151 281 
Harshnath Sikar 20.62 206 617 
Jaisalmer Jaisalmer 19.79 182 311 

Khodal Barmer 17.00 135 229 
Mohangarh Jaisalmer 15.50 117 243 
Phalodi Jodhpur 17.40 142 261 
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hub height were installed (each of 250 kW capacity), 
the dream of generating electricity through wind power 
came true. The second demonstration project with a total 
capacity of 2.25 MW was established in the year 2000 at 
Devgarh district in Chittorgarh (now in district Pratapgarh) 
with 3 NEG Micon wind machines, each of 750 kW. The 
hub height at this wind farm was 55 metres. The third demo 
project was set up at Phalodi district in Jodhpur with a total 
capacity 2.10 MW with 6 Suzlon machines each of 350 kW 
capacity. 

Subsequent to the overwhelming success of the three 
demonstration wind power projects, the first commercial 
wind farm was established by the RRECL at Jaisalmer 
in 2004 with a total capacity of 25 MW. This wind farm 
consists of 20 machines each of 1.25 MW capacity. The 
second commercial wind farm with a capacity 10.2 MW, 
was set up at Akal of Jaisalmer district in 2006. A third 
commercial wind farm with a total capacity of 10.2 MW was 
also set up at Jaisalmer. The total, including wind farms and 
demonstration projects, owned by RRECL has a capacity of 
51.75 MW. Electricity generated by them is being supplied 
to the grid. 


Regulatory Provisions by the State 

The Rajasthan government has always given priority to 

generation of electricity from non conventional energy 

sources. Various policies have been released from time to 
time, to ensure that enough encouragement is given to the 
utilisation of renewable sources of energy. Some of these 
policies include: 

= Policy for promotion of electricity generation through 

non conventional energy sources, March 1999, 

m The Wind Energy Policy, February 2000 that replaced the 
policy of March 1999. 

m Wind Energy Policy, 2003. 

m Policy for promotion of electricity generation from non 
conventional energy sources, October 2004. 

m Policy for promoting generation of electricity from 
Biomass, 2010. 

m Rajasthan Solar Energy Policy, 2011. 

m Policy for promoting generation of electricity from wind, 
July 2012. 

m Renewable Purchase Obligation (RPO) of wind power for 
the year 2011-12, 2012-13 and 2013-14 as 4.5 per cent, 5.10 
per cent and 5.70 per cent, respectively. 

There are also various incentives being given by the 
state government so as to encourage the development and 
use of wind power. To begin with, the land for establishing 
wind power projects is being provided by the state 
government at 10 per cent of the DLC rate of that area. Also 
the energy consumed by the power producer for his own 
captive use shall be exempted from payment of electricity 
duty. The generation of electricity from renewable energy 
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A second demonstration project 
with a total capacity of 2.25 MW 
was established in the year 2000 
at Devgarh district in Chittorgarh 
(now in district Pratapgarh) with 3 
NEG Micon wind machines, 

each of 750 kW. 


sources is treated as eligible industry under the schemes 
administered by the industries and incentives available to 
industrial units under such schemes are also available to 
these power producers. 


Incentives from Central Government 

The Central government too has been taking measures 
to further the usage of renewable energy. Depreciation 
benefits are being given by the Central Government to 
investors in wind energy sector. However it is pertinent 
to note that since 30 March 2012, depreciation benefit 
has been restricted to upto 15 per cent as compared to the 
earlier figure of 100 per cent. This is likely to hamper the 
wind energy programme. 


Capacity Addition 

Against a total estimated technical potential of 5400 MW 
for Rajasthan (against 45000 MW at national level), 2075 
MW has already been harnessed. Generally the plant load 
factor (PLF) has been observed to be 18 - 20 per cent with 
the peak season being from April to October. The concerted 
efforts taken by the RRECL have won it the prestigious 
award of the Best Public Sector Undertaking for 2006 at the 
Wind India Conference and the First Prize in the category 
of ‘Best Wind Power Developer State’ in April at Wind 
Power India 2011 conference. 


Conclusion 

So far, up to June 2012, the total installed capacity of 
wind power plants in Rajasthan is 2075 MW with a total 
private investment of Rs. 10375.22 crores. With wind power 
contributing approximately 415 MW power, in the coming 
three years the RRECL is expecting a further capacity 
addition of 1000 MW of wind power installations and 
efforts are underway for the augmentation of a transmission 
system for more effective power evacuation. Indeed wind 
power has proven to be a key resource of energy generation 
for the State. © 


The author is Project Manager (EC) Rajasthan Renewable Energy 
Corporation Limited (RRECL), Jaipur. 
Email: sunitmathur2000@yahoo.co.in 
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Centre for 


Technology 


Centre for Wind Energy Technology 
(C-WET) was established as an 

autonomous research and development 

institution by the MNRE to meet its 
broad goals and to tackle the challenges 

in sustaining the development and 
accelerating the pace of utilisation of wind 
£ energy in the country. 
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Institution 


he Ministry of New and Renewable Energy (MNRE) 
established the Centre for Wind Energy Technology 
(C-WET) at Chennai in 1998-99 to cater to the 
emerging wind industry. Prior to that, the MNRE 
was providing policy-level initiatives to a field that was 
almost entirely dependent upon imported technologies and 
services. With an estimated 45000 MW of installed power, 
it was evident that necessary technical infrastructure has to 
be built up within the country. This was to neatly dovetail 
with an industry for which the investments for all aspects 
starting from manufacture to deployment came almost 
entirely from the private sector. 

Wind turbine, being a complex, multi-disciplinary 
engineering product, requires in-depth knowledge of 
a variety of high-end technologies. With emphasis on 
manufacture and not on design, there is a risk of having 
technologies not entirely suitable to the Indian environment 
finding their way to India. C-WET’s broad aim is to address 
this issue of making the Indian wind turbine designers 
and manufacturers take informed decisions on designs 
that are suitable for the Indian market. C-WET offers 
prompt, credible, and innovative solutions at affordable 
costs to meet the requirements and expectations of clients. 
C-WET is committed to be a self-supporting focal point of 
excellence for the development of the wind energy sector. 





Organisational Structure 

C-WET comprises of five units, which are functionally 
organised. 

m Research and Development. 

m Wind Resource Assessment. 

= Wind Turbine Testing. 

m Standards and Certification. 

m Information, Training and Commercial Services. 


Objectives 

The objectives have been defined in keeping with the needs 
of the field: 

m Serve as the technical focal point for wind power 
development in India, for promoting and accelerating the 
pace of utilisation of wind energy and support the growing 


C-WET offers prompt, credible, 
and innovative solutions at 
affordable costs to meet the 
requirements and expectations 
of clients. C-WET is committed to 
be a self-supporting focal point 


of excellence. 
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wind power sector in the country. 

m Develop and strengthen the facilities and capabilities; 
evolve strategies; and promote, conduct, coordinate, and 
support research and development (R&D) programmes to 
achieve and maintain reliable and cost-effective technology 
in wind power systems. 

m Analyse and assess wind resources based on the data 
available from various sources and prepare wind energy 
density maps, wind atlas, and reference wind data. 

m Prepare and establish standards, including guidelines, 
procedures, protocols for design, testing and certification of 
wind power systems, sub-systems and components, taking 
into consideration the Indian conditions and in line with 
internationally recommended practices and standards, and 
update the same based on the feedback. 

m Establish world-class facilities, conduct and coordinate 
testing of complete wind power systems, sub-systems, and 
components according to internationally accepted test 
procedures and criteria, whereby the total performance 
that includes power performance, power quality, noise level 
dynamics, operation and safety systems is tested according 
to agreed protocols. 

m Accord type approval/type certification, which verifies 
conformity with safety-related requirements as per 
standards, guidelines, and other rules for design, operation, 
and maintenance, as well as adequate documentation 
of quality issues such as power performance, noise, life 
expectancy, and reliability. 

m Monitor the field performance of wind power systems, sub- 
systems, and components; effectively use this feedback for 
fulfilment of the above objective and issue of certification; 
establish and update the data bank on a continuous basis; 
and serve as information centre for selective dissemination. 
m Undertake human resource development programmes 
for the personnel working in the wind energy sector. 

m Promote commercial exploitation of know-how, know- 
why and results, and offer various consultancy services to 
customers. 

= Promote the development and commercialisation of any 
other wind energy systems, including stand-alone systems. 


Services Offered 

Research and Development Unit: The Unit undertakes both 
topical and long-term projects as per the needs of an 
emerging technology of present and future. The short-term 
projects concentrate on providing well-researched results to 
topical problems with technology such as modelling of inner 
connection of wind turbine to grid. Long-term projects look 
at technology development for the next generation. 

Wind Resource Assessment Unit: The unit conducts wind 
resource surveys for effective harnessing of wind energy. 
It also analyses collected data to identify high wind areas at 
macro and micro levels to provide support in micro-siting, 








—_ 


Institution 





of Kayathar, Tamil Nadu 





RESEARCH AND 
DEVELOPMENT AT C-WET 


The R&D activities of C-WET are classified into five 
generic areas: 


Improvement in performance of existing wind 
turbine installations 

Research support for wind resource assessment 
Manpower training and human resource 
development (HRD) 

Technology support to wind power industry 
Research and advanced technology development 


Ongoing projects in the R&D unit 


Development and validation of design 
methodologies and design tools for low and 
moderate wind regimes 

Setting up of R&D/experimental wind farms 
Testing of small wind turbines 

Modelling of interconnection of wind turbines 
with the grid 

Parameterisation of flow distortion around the 
wind turbine nacelle 

Installation of renewable energy devices 


Research facilities available at C-WET 


A 


Data acquisition system 
Integrated sound level meter 
MATLAB software with toolboxes 
Power analyser 

Digital storage oscilloscope 
AutoCad 

Bladed software for Windows 

A nacelle is installed in C-WET premises for 
demonstration. 

Pyranometer 

Mini telemetry system. 
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and to carry out countrywide wind resource assessment. 

Wind Turbine Testing Unit: The unit conducts testing of complete 
wind power systems according to International Electrotechnical 
Commission (IEC) standards at the Wind Turbine Test Station 
(WTTS) Kayathar, Tamil Nadu as well as at the customers’ site. 
The WTTS is presently equipped to undertake provisional type 
testing (PTT). Tests normally carried out under this category 
include power performance test, safety and function tests, yaw 
efficiency test and load measurements. 

Standards and Certification Unit: The unit accords type approval/ 
type certification to wind turbines upon design verification in 
accordance with IEC standards and has developed additional 
requirements to be considered, which are exclusive to Indian 
operating conditions. The Unit prepared type approval 
provisional scheme - TAPS 2000 (amended), the Indian 
Certificate Scheme for wind turbine in line with international 
standard while taking into account Indian conditions. 
Information, Training and Commercial Services Unit: The Unit is 
engaged in dissemination of wind power related information to 
all stakeholders. It is the focal point for organising national and 
international training workshops for the benefit of stakeholders. 


New Thrust Areas 

= Facilitate the raising of capacity utilisation factor of the wind 
energy sector to 25 per cent by 2012. 

= Facilitate lowering the costs of wind turbine systems to be at 
par or even below international prices. 

= Facilitate lowering the cost of grid-interactive wind electricity 
to be at par with conventional electricity without factoring in 
externalities. 

m Facilitate the achievement of the national goal of making the 
new and renewable energy sector a net foreign exchange earner; 
and in pursuance of this goal, to make the wind sector a net 
foreign exchange earner in the shortest possible time. © 

Source : Centre for Wind Energy Technology (C-WET). 
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ASEAN-India 


COOPERATION IN NEW AN 
RENEWABLE ENERGY 


A high level meeting between India and the Asian member countries - 








is to be held in New Delhi under the aegis of MNRE. The participating 
countries are to discuss matters on policy and regulatory frameworks 
on renewable energy and its distribution. 


he Government of India is 
hosting a workshop and a high 
level meet of the Ministers of 
New and Renewable Energy 
of Association of South East Asian 
Countries (ASEAN) countries in New 
Delhi from 5-7 November, 2012. This 
is to mark the 20th anniversary of the 
ASEAN-India dialogue partnership 
and the 10" anniversary of ASEAN- 
India Summit-level partnership. 
In the meeting, the Ministers 
in-charge of renewable energy of 
ASEAN member countries and India 
would deliberate upon and discuss 
policy and regulatory framework 
for promotion of renewable energy 
in ASEAN member countries and 
India. Financing of renewable 
energy, cooperation in research and 
development, technology transfer 
and resource assessment would be 
specific issues that would engage 
their attention. 
A workshop on renewable 
energy of experts and policy 
planners from ASEAN countries 
and India is also being organised 
by Ministry of New and Renewable 
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PROGRESS & PROSPERITY 








Ministry of New and 
Renewable Energy 
Govt. of India 


Energy (MNRE), Department of 
Science and Technology (DST) 
and Global Innovation Technology 
Alliance (GITA) and is scheduled 
in New Delhi as part of the event. 
The workshop aims at sharing of 
experiences among participating 
countries on the development and 
deployment of renewable energy, 
and also identifying institutions for 





establishing long term cooperation 
between institutions in India and 
ASEAN countries. The workshop 
would also discuss technological 
strengths and manufacturing base 
of the participating countries in 
order to forge useful partnerships. 
The workshop would also have the 
benefit of discussing possible topics/ 
projects for industrial R&D to be 
considered under ASEAN-India S&T 
Development Fund (AISTDF) which 
is jointly created by DST and Ministry 
of External Affairs, Gol and managed 
by ‘Global Innovation and Technology 
Alliance’ (GITA). 

The event is being held as part 
of ASEAN-India cooperation in the 
field of renewable energy and the 
Commemorative Summit to be held 
in December 2012. 


Renewable Energy in India 
Renewable energy sector in India 

is now a significant player in the 

grid connected power generation. 
There has been consistent increase 

in the pace of renewable energ 
development in India. The sector 














has grown at an annual rate of 23 

per cent, rising from about 3900 

MW in 2002-03 to about 26,000 

MW in September, 2012. Wind 
energy continues to dominate India’s 
renewable energy sector, accounting 
for 70 per cent of installed capacity 
(18,192 MW), followed by small 
hydropower (3446 MW), biomass 
power (3359 MW) and solar power 
(1043 MW). In terms of electricity 
generation, with normative capacity 
utilisation factors, the renewable 
power installed capacity is generating 
around 50 BU per year corresponding 
to about 6.5 per cent in the total 
electricity mix and 12.5 per cent of 
total installed capacity in 2011-12. 
Significantly, off-grid applications 

of renewable energy have also made 
significant headway especially in rural 
areas. A capacity addition of about 
30,000 MW is planned from various 
renewable energy technologies in the 
next five years. In this, wind energy 
would contribute about 15,000 MW 
and would continue to dominate 
India’s renewable energy industry 


followed by solar power (10,000 MW), 


small hydropower (2100MW), and 
biomass power (2700 MW). 


Objectives of the 

Workshop 

© To discuss global technology trends 
in renewable energy technologies. 

= To deliberate upon status of RE 
technologies and manufacturing 
base in ASEAN countries and India. 

= To share experiences on the 
development and deployment of 
renewable energy. 

» To identify areas of co-operation in 
R&D and technology transfer. 

= To identify institutions for 
establishing long term cooperation. 

= Focus on cooperation in resource 


* 
x *«* 
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The meet aims at sharing of experiences on 
the development of renewable energy, and 

also identifying institutions for establishing 
long term cooperation between institutions 
in India and ASEAN countries. 


assessment of renewable energy 
sources. 

= To deliberate on identification of 
industrial R&D projects/concepts 
for support under ASEAN-India 
S&T Development Fund. 


About ASEAN 


The Association of Southeast Asian 
Nations (ASEAN) is a geo-political 
and economic organisation of ten 
countries located in Southeast Asia, 
which was initially formed on 8 
August 1967 by Indonesia, Malaysia, 
Philippines, Singapore and Thailand 
and later expanded to include Brunei, 
Burma (Myanmar), Cambodia, 

Laos, and Vietnam. Its aims include 
accelerating economic growth, social 
progress and cultural development 
among its members, protection of 
regional peace and stability and 
opportunities for member countries 
to discuss differences peacefully. 


The participants of this workshop are: 


» Policy makers and senior officials 
responsible for renewable energy 
activities in ASEAN member 
countries, 

» Technology and industry experts 
from participating countries, and, 
» Experts from by ‘Global Innovation 
and Technology Alliance’ (GITA). 


Sub Themes and Topics 

» Trends in renewable energy 
technologies: wind power, solar, 
biomass. 


» Assessment of potential and 
identification of potential locations. 

» Possible areas of cooperation in 
R&D and technology transfer. 

w Identification of industrial R&D 
projects/concepts for support under 
ASEAN-India S&T Development 
Fund. 

» Future areas of cooperation in 
renewable energy. 


Programme Outline 

The workshop will be inaugurated by 
the Minister of MNRE of India on 5" 
November, 2012 and steered through 
by the Secretary, MNRE. A number of 
experts from research organisations 
and the industry would present the 
status of technologies and identify 
possible areas of cooperation among 
ASEAN countries and India. The 
GITA, a not-for-profit PPP company, 
will present scope and possibility of 
funding industrial R&D in the field of 
renewable energy through ASEAN- 
India S&T Development Fund. 

The secretaries in-charge of 
renewable energy of ASEAN member 
countries and India would discuss 
renewable energy developments in 
their respective countries, possibility 
of cooperation, technology transfer, 
co-ordinated R&D projects and 
draft a statement of cooperation 
for discussion and adoption in the 
ministerial level meeting to be held 
on 7th November, 2012. © 
Source: Ministry of New and Renewable Energy 
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New Insights 


Power-Generating Windows 


Willem Wiegman an applied physics master's student graduating from TU Delft University of 
Technology, Netherlands has researched on power-generating windows by calculating how much 
electricity can be generated using so-called luminescent solar concentrators. 


indows and glazed 
facades of office blocks 
and houses can now 


be used to generate electricity if 
they are used as luminescent solar 
concentrators. This entails applying 
a thin layer (for example, a foil or 
coating) of luminescent material to 
the windows, with narrow solar cells 
at the perimeters. The luminescent 
layer absorbs sunlight and guides 

it to the solar cells at the perimeter, 
where it is converted into electricity. 
This enables a large surface area 

of sunlight to be concentrated ona 
narrow strip of solar cells. 

The windows need to be fitted 
with a thin film of material that 
absorbs sunlight and directs it to 
narrow solar cells at the perimeter 





of the window. Wiegman shows the 
relationship between the colour of 
the material used and the maximum 
amount of power that can be 
generated. 

The new stained glass 
luminescent solar concentrators are 
capable of generating dozens of 
watts per square metre. The exact 
amount of power produced by the 
windows depends on the colour and 
quality of the light-emitting layer and 


the performance of the solar cells. 
Wiegman's research shows for the 
first time the relationship between 
the colour of the film or coating and 
the maximum amount of power. 

The red and the grey films have 
an efficiency of 9 per cent, which 
is comparable to the efficiency of 
flexible solar cells. 

Wiegman's research has also 
shown the importance of a smooth 
film surface for the efficient transport 
of light particles to the perimeter 
of the window as they are then not 
impeded by scattering between the 
film and the window surface. 

Luminescent solar concentrators 
are a good way of producing cheap 
solar energy. 

Source: Science Daily (July 03, 2012). 


CPI a ee OS SS ee ene eee 
Photovoltaic Cells Tap 
Underwater Solar Energy 


Scientists at the U.S. Naval Research Laboratory, Electronics Science and Technology Division, dive 
into underwater photovoltaic research to develop high band gap solar cells capable of producing 
sufficient power to operate electronic sensor systems at depths of upto nine meters. 


nderwater autonomous 
U systems and sensor platforms 

are severely limited by the 
lack of long endurance power 
sources. To date, these systems 
must rely on on-shore power, 
batteries or solar power supplied by 
an above water platform. Attempts 
to use photovoltaics have had 
limited success, primarily due to the 
lack of penetrating sunlight and the 
use of solar cells optimised more 
towards the unimpeded terrestrial 
solar spectrum. 

"The use of autonomous systems 
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to provide situational awareness and 
long-term environment monitoring 
underwater is increasing," said 
Phillip Jenkins, head, NRL Imagers 
and Detectors Section. "Although 
water absorbs sunlight, the technical 
challenge is to develop a solar cell 
that can efficiently convert these 
underwater photons to electricity." 
Even though the absolute 
intensity of solar radiation is lower 
underwater, the spectral content is 
narrow and thus lends itself to high 
conversion efficiency. 
Source: Science Daily (June 7, 2012). 








: SOLAR AIR HEATER 


Resources: Cardboard can come from a large appliance 
or furniture box. The paste, acrylic paint and paintbrush 
can be purchased at a stationery shop. String, duct 
tape, masking tape, and measuring tape is available at 
hardware stores. 


Setting Up 

the Experiment 
w Find a south-facing 
window and measure its 
width and height inside 
the frame. 

= Cut out a piece of 
cardboard that is 10 inches 
(25 centimetres) wider and 
taller than the window. 

m Cut a 5-inch (13 
centimetre) square out of 
each corner to make four 
5-inch (13 centimetre) flaps 
that extend from the top, 
bottom, and sides of the 
cardboard. Fold the flaps 
inward. The area inside 
the folds should be the 
Same size as the window 
area. 

a Apply a coat of paste 

to the inward side of the 
cardboard. Allow the paste 
to dry for 10 minutes. 

= After the paste has dried, 
paint the same side of the 
cardboard with flat black 
acrylic paint. Allow the 
paint to dry. 

m Cut vent holes 3 inches 
(8 centimetres) wide by 3 
inches high at about 1 inch 
(2.5 centimetres) from the 
top and bottom folds of 
the cardboard. 

s Push thumbtacks into 
the unpainted side of the 
cardboard around the 
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vent holes on the inside 
Surface. 

m Weave string around the 
thumbtacks and across 
the vent holes. This keeps 
the plastic wrap from 
blowing through the vent 
holes. 

= Cover the thumbtacks 
with thin strips of duct 
tape prevent them 

from falling out of the 
cardboard. 

m Cut enough plastic 

wrap to cover the vent 
holes. Decide which is 

the top and bottom of 

the cardboard. Tape the 
plastic to the top of the 
bottom vent holes on the 
black side so the plastic 
hangs as a flap. Do not 
completely seal the vent 
holes. Do the same to 

the top vent holes on the 
String side. 

m Fold the cardboard flaps 
toward the black side, and 
place the cardboard inside 
the window frame. The 
plastic flap on top should 
be facing the inside of the 
room. Tape the cardboard 
to the window frame using 
masking tape. You should 
have air space between 
the window and the 
cardboard. 

Source: www.energyquest.ca.gov. 






Inside width 


Inside height 





5-inch flaps foided inward 


Black side 
underneath 


Plastic wrap 
"4 over vents 
Black side 
towards View from 
window inside the room 
Plastic wrap 
over vents 





What will you see? 


On a sunny day during the forthcoming 
cold winter months, the vents at the top 


will release warm air into your room. 
You can measure the difference of 
temperature of the warm air between a 
Sunny and a cloudy day too. 
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RE Statistics 


A. Grid interactive power 


1 Wind Power 


Small Hydro Power 

Biomass Power 

Bagasse Cogeneration 

Waste to Power (Urban and Industrial) 
Solar Power (SPV) 

Sub total (A) 


B. Off grid/captive power 


| Waste to energy 


"p 


f 
"d p 


Ae 


Biomass (Non-Bagasse) Cogeneration 
Biomass Gasifier (Rural and Industrial) 
Aero-Generators/Hybrid Systems 
SPV Systems (>1 kW) 

Water Mills/Micro Hydel 

Sub total (B) 


Total (A+B) 


rng a 
ae 


ent of various renewable 
| ai y d in India 


18191.85 
3446.67 
1226.60 
2132.73 
93.68 
1045.16 
26136.69 


108.94 
412.61 
154.30 
1.74 
96.61 
2121 nos. 
774.20 


26910.89 


>. | Ill. Other renewable energy systems he RESTS | 


| Family Type Biogas Plants (in lakh) 45.45 


1 4 Il. Remote Village Electrification (villages/hamlets) 


Solar Water Heating Systems - Collector Area (million sq m) 5.95 f| 


kW= kilowatt; MW = megawatt; Sq m = square metre | 


> 
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Dear Readers, 

Energy plays a vital role in achieving productivity, prosperity 
and comfort level of a nation. Per capita energy consumption 
is an indicator of the standard of living of the people, energy 
access of the people and growth of a country. International 
Energy Agency has recently estimated that there are about 2.7 
billon people covering about 40 per cent of world population 





who do not have access to modern energy and electricity. 
They rely mostly on traditional biomass for cooking, heating and on kerosene for 
lighting. Renewable energy is playing an important role in providing quality energy 
access to these people which can help in mitigating the gap to energy access. 

Energy storage is another challenge which so far, depends on battery only. 
However costs, cycle life, limitation to large capacity and to some extent safety are 
few major issues which need to be addressed by the research community. Batteries 
have a major role to provide continuous supply of electricity from various renewable 
energy based applications to the people. The radical changes in the current 
technology that are cost effective and affordable to the people are urgently required. 
With the advent of electric based vehicles, the importance and requirement of 
efficient batteries increases manifolds. 

Light Emitting Diode (LED) is emerging as an alternative to the traditional bulbs 
and even the recently developed CFLs. LEDs with solar PV based electricity is an 
excellent energy efficient combination for lighting in residential, streets, commercial 
establishments etc. However, there is need for standardization of LEDs and mass 
production in India that will reduce their cost and make them affordable to the 
common man. 

In this context the present issue of Akshay Urja provides information on LEDs 
and batteries as well. The articles on solar lamps for tribal homes, solar PV laboratory 
kit for training solar engineers, hydrogen fuel for energy security and bio diesel 
production: boon for rural areas are informative and useful. I hope that you will find 
it interesting and with the updated information. I also seek your valuable suggestions 
for the constant improvement in Akshay Urja. 


I wish you all a very happy and prosperous new year. 


5 
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<aktripathi@nic.in> 
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I am a Rural Development 
Student of a backward district of 
Odisha. I would like to thank you 
for bringing out this useful and 
educative Newsletter Akshay Urja 
in our District Information Office 
(DIPR), Library, Nabarangpur. The 
Newsletter contains useful material 
and information on renewable energy 
technology which is very beneficial 
for us. 

Mahendra Kumar Nayak 

Nabarangpur, Odisha 


Central University of Punjab at 
Bathinda is an upcoming University. 
After completing my tenure at 
SSS-NIRE, I recently joined this 
University. One of the Schools 
for higher education in the 
University is the School of 
Environment and Earth Sciences. 
The School has a Centre for Alternate 
Energy Technologies. I have 
been using the Akshay Urja 
Newsletter for the last several years 
and must say that it is the best source 
for updating the scientific 
community with the latest advances 
in the area of alternate energy 
technologies. 
Dr. A. K. Jain, 
Former Director of SSS-NIRE, 
Bathinda, Punjab. 


I came across your esteemed 
Newsletter on the website of MNRE 
and found it to be very useful, as the 
content of the Newsletter contains 
all the latest developments in the 
field of renewable energy. It is great 


and indeed convenient since it is also 
available online. 
Dr. R. N. Hegde 
Sanjay Nagar, Bengaluru 


We are writing to you from WAPCOS 
Limited (A Government of India 
Undertaking — Ministry of Water 
Resources) International Consultants 
in Water Resources, Power and 
Infrastructure Development. Our 
mission is to achieve sustained 
profitable growth, excellence in 
performance, use of state-of-the-art 
technical expertise, innovativeness, 
capacity building and meeting 
society’s needs. Akshay Urja, the 
bi- monthly Newsletter is very 
informative and helps greatly to 
create awareness regarding renewable 
energy and serves as a useful guide. 
The Newsletter will prove to be of 
immense help to us. 
V. U. Koundanya 
G. M. (IWRM), 
Gurgaon, Haryana 


I found Akshay Urja at my 

friend's place. It is very useful 

and informative to disseminate 
information among the people. 

The depleting conventional energy 
sources and global warming has 
made the people to reach out for 
alternative sources of energy. We can 
see that among RE, the hydro, solar 
PV, biomass, biogas, wind energy etc. 
have been very popular, according 

to the information given in articles 
published in the Newsletter. Kindly, 
publish some RE products prices and 


its availability which is useful for 
domestic purposes such as price of a 
solar panel, LED bulbs, solar lanterns, 
mobile chargers. I belong to a rural 
area and this information would be 
very useful for me. 

Arun Kumar Sharma 


Katru Bigha, Nalanda, Bihar 


À omits faa Gar, PRÀ fe 
favafaanca I oa € 1‘ aaa Sat’ afaa 
EI À Used g I fea 2011 H A ‘a 
Sat’ F ete Saal al AA St Ta 
ai ama- qa & at fret A ar agua 
fra | Fa Ae Add SU sa SY el Ue 
fa agi & UA cant A sa ArH Asie A 
fart è, aa Fa Sal A Fafa wat 
$ MA Sah SNe Hl At aera fret È | 
fade un faz, 
AWAY. ARTO, SAT WEST 


Fah aryl hx Hl GRIT Beas = | 
Fel & St Team ‘say Hal’ ved Sf BIR 
sad TM Sor R 1 Sa Ua A A ee AAT 
SARA MATE Stet S| SAN SAM LAT E 
fa afar Fai ot sara fae TAT | 


Gea Wea 


‘sq Sal’ ufsan faafaa Sa SW ela 
ted & faw antae afeen fara acta afafa 
ATH! STARA È 1 Sa UA A GN Hail H 
Hema & aN atest SAH SI ard È 
Ae Ae Was À eH fae HH Ft 
Ufd at wat È 1 Geen Gren faces a ae Se 
Seat è IAM ia Al OO Alex R stent 
HE Aled È ATH APSR AeA Al WA 
SMM, Ft SM È | 


Dear Reader, Thank you very much for your suggestions and encouragement. The editorial team of Akshay Urja will make 
every effort to make this newsletter highly informative and useful to all our readers. We welcome your suggestions and valuable 
comments to make further improvements in terms of content and presentation. Editor: Akshay Urja 
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NCPRE at Indian Institute of Technology 
Bombay, developed a novel and low 
cost ‘Solar PV Laboratory Kit’ to conduct 
a teaching course on solar PV. 
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Hydrogen, a clean and economic 
fuel, is a renewable energy source, 
which is the pressing need of the 
present time. 





Light emitting diodes are emerging 

as alternatives to the grid powered 
conventional street lighting systems in 
rural areas. 
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A SHINING SOLAR POWER 
FARM 

Moser Baer’s Rs. 100 crore project 
at Sivaganga, Tamil Nadu has a 
technology suited specifically for 
the Indian climate. Located in 

the hinterland, it is a project that 
proved to be a trump card for those 
advocating solar power as a solution 
to the power crisis in the State. 
Spread across 65 acres in Rettai 
Pillai Ayyanarkoil, a tiny hamlet near 
Muthupatti in Sivaganga district, 
the 5 MW solar grid interactive solar 
PV plant has exceeded the targets 
set in the planning stages, according 
to government and company 
officials. The plant has come up 
with funding from IDBI and the 
International Finance Corporation, 
a part of the Washington-based 
World Bank Group. The Sivaganga 
project, identified by the Tamil 
Nadu Energy Development Agency 
(TEDA) and implemented under the 
Generation Based Incentive (GBI) 
scheme of the Union Ministry of 
New and Renewable Energy, was 
commissioned on December 20, 
2010. A power purchase agreement 
was signed with the erstwhile Tamil 
Nadu Electricity Board (TNEB) for 
Rs. 4.50 per unit. Being operated 

by Moser Baer Clean Energy, the 
project has a plant load factor 

of above 20 per cent against the 
Central Electricity Regulatory 
Commission's stipulation of 19 per 
cent. The average daily production 
of the plant has been around 24,500 
units. Excluding four per cent of the 
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production for internal consumption 
and loss, the remainder is fed into 
the grid. In March 2011, the highest 
monthly generation was achieved 
with 31,500 units. 
www.thehindu.com 
29 October 2012 
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NATIONAL CONFERENCE 
AT NATIONAL INSTITUTE 
OF RENEWABLE ENERGY 
A two day National Conference on 
‘Recent Advances in Bio-energy 
Research’ was organised at Sardar 
Swaran Singh National Institute of 
Renewable Energy, (SSS-NIRE), 
Kapurthala, during 7-8 December, 
2012. The Conference covered all 
aspects of bio-energy including 
biomass and energy management, 
thermochemical, biochemical, 
chemical and electrochemical 
conversion of biomass to biofuels. 
Original research articles are invited 
in all areas of bio-energy from 
research scholars, academicians, 
scientists and industry people. The 
Conference was held with a vision 
to establish the Institute as an 

apex R&D institution for carrying 
out state-of-the-art research and 
developmental activities in the area 
of bio-energy, including human 
resource development at all levels, 
post-doctoral research and research 
leading to commercialisation of 
renewable energy technologies. 

The chief patron at the Conference 
was Shri G. B. Pradhan, Secretary, 
Ministry of New and Renewable 
Energy. Dr. N. P. Singh, Advisor/ 
Head (NIRE), MNRE was the patron 
and Prof. A.K. Jain, Director, NIRE 
was the Chairman of the Conference. 
A target of adding about 30,000 
MW from various renewable energy 
sources has been fixed for the 12th 
Plan period (2012-17). Dr. N. P. Singh, 
said that since the inception of NIRE 
there has been remarkable work 
done in a very short time, which 
includes big projects working on 
generating power through non- 

















conventional energy sources in 
Punjab, which will not only help 
in safeguarding the environment 
but also help farmers earn from 
agricultural waste. He also said that 
biomass is an efficient source of 
generating electricity and that today 
solar, wind, biomass and small hydro 
together contribute a total of 27,000 
MW to electricity generation and 
that a target of adding about 30,000 
MW from various renewable energy 
sources has been fixed for the 12th 
Plan period. 
www.conference88.com 
8 December 2012 
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SHOPS FOR SOLAR 
DEVICES IN HARYANA 
State owned Haryana Renewable 
Energy Development Agency 
(HAREDA) has decided to open 





‘Akshay Urja’ shops in nine districts 
of the State for sale and repair of the 
solar and energy efficient devices. 
The shops would be opened in 
Fatehabad, Rohtak, Sonipat, Bhiwani, 
Ambala, Yamunanagar, Palwal, Mewat 
and Jhajjar districts, a HAREDA 
spokesman said. 
www.timesofindia.indiatimes.com, 
26 October 2012 
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PUNJAB TO SET UP SOLAR 
POWER CLUSTERS FOR 
TUBEWELLS 

The Punjab government has 
decided to explore the possibility 

of developing solar power clusters 
to energise agricultural pumps in 





National 


HE 


rural areas, which can help the 
State to bring down the power 
subsidy cost. The State identifies 
that there is a large scope for 
developing solar power clusters 

in rural areas to provide power 

to agricultural pumps directly 
thereby cutting the subsidy and 
further investing the saved money 
to produce clean energy. The State 
is also planning to get a study 
including technical as well as 
financial viability of the proposed 
solar power clusters done. Under 
the proposed initiative, a cluster of 


tubewells will be identified and after 


identifying the power requirement 
of these tubewells, solar power 
panel with a one time investment 
can be installed to supply power to 
agricultural pumps. 
www.timesofindia.indiatimes.com 
24 October 2012 


' SOLAR POWER BACK-UP 
TO HELP POLICING 
The computers at police stations 
across the state of Uttar Pradesh 
will not shut down in case of a 
power failure in the near future as 
the State police headquarters has 
initiated the process of providing 
solar power back-up to the police 
stations. With computerisation 
of police stations across the State 
expected to be completed by 
December 2014, the state police 
headquarters has been offering solar 
power backup to electric gadgets 
including computers, printers and 
scanners to police stations. In fact, 
the solar power backup project 














has been completed in 12 districts 
under the first phase. These districts 
include three Naxal affected districts 
of Sonbhadra, Chandauli and 
Mirzapur. The other districts are 
Khiri, Pilibhit, Bahraich, Balrampur, 
Maharajganj, Siddarthnagar and 
Shravasti and two on UP-Bihar 
border - Ghazipur and Ballia. The 
solar power back-up will enhance 
the working of police stations in 
rural areas and aid in the smooth 
running of the Crime and Criminal 
Tracking Network and Systems 
(CCTNS). 
www.i4u.com 
26 October 2012 


INDIA, MALAYSIA INK 


MoU ON RE 


India and Malaysia agreed to 
cooperate in renewable energy, 
especially in biomass, hydropower, 
solar and wind power. A 
Memorandum of Understanding 
(MoU) was signed on 7 November 
2013 by India’s Minister of New 

and Renewable Energy Farooq 
Abdullah and Peter Chin Fah Kui, 
Malaysian Minister of Energy, 

Green Technology and Water. Both 
countries also agreed to form a joint 
working group for joint research, 
exchange and training of scientific 
and technical personnel, exchange of 
available scientific and technologies 
information and transfer of know- 





how, technology and equipment on 
a non-commercial basis. The Indian 
Minister also briefed his Malaysian 
counterpart on India’s progress in 
renewable energy and its efforts in 








promoting energy for remote and 
unelectrified areas. 
www.english.globalgujarat 
news.com 
9 November 2012 


DVC PLANS 1,000 MW 
SOLAR POWER PLANT 
OVER WATER CANAL 
NETWORK 


Taking cue from Gujarat, Damodar 
Valley Corporation (DVC) proposes 
to set up solar power plant atop 
2,494 kilometres long network of 
canals that has the potential to 
generate up to 1,000 MW green 
solar power. Gujarat has shown 

the way with the commissioning 
of the world’s first one MW canal 
top solar power plant in Mehsana 
district over 750 metres stretch of 
canal in February this year. Setting 


up solar power plant atop water 
canal eliminates the need for land 
acquisition and water evaporation 
from the canal that is quite high in 
India with sunshine for nearly 300 
days in a year, is also minimised. 
DVC told a parliamentary panel 

last week that to begin with 15 MW 
capacity canal top solar photovoltaic 
plant at DVC canal, Burdwan in 
West Bengal, was planned. “Detailed 
project report has already been 
prepared by a global consultant 
PricewaterhouseCoopers,” a power 
ministry official said. In parallel, 
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registration of the project at United 
Nations Framework Convention on 
Climate Change for getting clean 
development mechanism (CDM) 
benefit has been initiated. 
www.mydigitalfc.com 
25 November 2012 
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RE INVESTMENTS RISE 
GLOBALLY, INDIA POSTS 
62 PER CENT GROWTH 
New investments in renewable 
energy and fuels reached 257 billion 
USD worldwide last year, with India 
logging the sharpest surge and 
China attracting the largest amount 
at 52.2 billion USD says a report. In 
2010, the total global investment in 
renewable power and fuel was 220 
billion USD, according to the latest 
report of Worldwatch Institute. 
“Investment in India grew 62 per 
cent, the highest growth rate for 
any single country over 2010,” the 
report said. The total renewable 
energy investments in industrial 
countries in 2011 accounted for 

65 per cent of global investment, 
increasing 21 per cent to 168 billion 
USD. In contrast, 35 per cent of 
global new investment that went 

to developing countries increased 
10 per cent to 89 billion USD, the 
report said. Of this sum, China, 
India and Brazil accounted for 71 
billion USD in total investment. In 
2011, ‘financial new investment’ in 
renewable energy installations (a 
category that excludes small-scale 
projects and R&D) in industrial 
countries outpaced investments in 
the developing world, but in 2010 
investments in this category in 
developing countries had surpassed 
those in industrial countries for 
the first time, it said. Worldwatch 
said a major development in 2011 
was the dominance of solar power 
in technology-specific investments 
-- driven by a 50 per cent reduction 
in price over the year -- with 147.4 
billion USD invested in solar, 
compared with 83.8 billion USD for 
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wind projects and 10.6 billion USD 
for biomass and waste-to-energy 
technology. “Although this was not 
the first time solar surpassed wind 
in total investment, it was the first 
time that this involved such a wide 
margin,” it said. Biofuels, which as 
recently as 2006 held the second 
overall ranking in renewable energy 
technologies, attracted the fourth 
highest total investment in 2011 
at 6.8 billion USD, followed by 5.8 
billion USD for small hydro and 
2.9 billion USD for geothermal 
installations. 
www.business-standard.com 
11 October 2012 
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‘BIJLI BOX’ LIGHTS 
HOMES IN RURAL UTTAR 
PRADESH WITH SOLAR 
POWER 

A renewal energy company, OMC 
Power, is lighting up rural parts of 
Uttar Pradesh by delivering solar- 
charged batteries to homes in an 
out-of-the-box move that promises 
cheap and uninterrupted power 
supply. A startup company floated a 
year ago by three former employees 
of Ericsson, is supplying electricity 
to about 3,000 households in remote 
areas of Hardoi district where 
conventional power lines are yet to 
reach. The company’s promoters 
hope to energise another 24,000 
homes by the end of the year. The 
power distribution model involves 
generation of electricity at an 18-kW 
solar plant at Jangaon, in Hardoi, 
from where it reaches villagers’ 
homes in rechargeable batteries 
contained in boxes, popularly called 
‘Bijli Box’ (power in a box). One 
charge is enough for 12 hours. Every 
evening, employees collect the 
boxes from the generating unit and 
deliver them to their subscribers in 
nearby villages on diesel vehicles. 
The Bijli Box - weighing about 2 kg 
and holding an electronic circuit 
and accompanying software besides 
the battery - can power a couple of 
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bulbs, a fan and a specially-made 
television set. The company has also 
employed youth from the villages to 
replace the spent boxes with charged 
ones at daybreak. 
www.articles.economictimes. 
indiatimes.com 
1 November 2012 
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6TH RENEWABLE ENERGY 
INDIA 2012 EXPO 

Organised by UBM India, the 6th 
Renewable Energy India 2012 Expo 
was the epicentre for deliberations 
on the potential of renewables in 
India. Held during 7-9 November 
2012 at the international standard 
venue facility of the India Expo 
Center, Greater Noida (National 
Capital Region of Delhi), the 

event culminated with a call to the 
industry to step up innovations and 
leverage the multiple investment 
opportunities being created by the 
Government. The expo played an 
important catalyst role in creating a 
common business forum for global 
and local stakeholders. Evolving 
the format of the expo with the 
changing dynamics of the industry, 
a diverse approach was adopted 

to promote financing required by 
the RE sector in India. A three day 
concurrent conference having 36 
interactive sessions and 172 high 
profile speakers was the hub for 
knowledge exchange that widened 
the market insights of the attending 
delegates. The vibrant expo forum 
attracted key stakeholders and 
leading industry stalwarts to network 
and tap new markets. 475 domestic 
and international exhibitors from 
25 countries and 10,169 trade 











professionals comprising of 6,056 

qualified buyers participated at 

the expo. 
www.renewableenergyindia 
expo.com 9 November 2012 


GOVT’S COMPENSATION 
FOR FEEDING SOLAR 
POWER TO GRID 

The government is considering 
changes in laws that would allow 
customers to be paid for the solar 
power they generate and feed 
into the grid. This will persuade 
individual consumers, rather than 
power distribution companies, 
to supply at least 1,000 MW 
of electricity to India’s grid by 
installing solar panels on rooftops 
of residential and commercial 
buildings by 2017, the government 
hopes. If successful, this would 
generate more than one-tenth of 
the renewable energy capacity of 
9,000 MW of solar power that the 
government plans to add under 
the marquee Jawaharlal Nehru 
National Solar Mission (JNNSM), 
and more than a hundred-fold 
increase from the current levels of 
power generated by rooftop solar 
power systems. Previous attempts 
by the authorities, including those 
in Delhi and Mumbai, to subsidise 
solar water-heater systems have 
been unsuccessful, mainly because 
the costs of buying and installing 
these were prohibitively high, in 
spite of a 30 per cent subsidy on 
solar equipment. “Once this can be 
put into place, we should be able to 
kickstart demand for solar power 
in a big way,” Shri Gireesh Pradhan, 
Secretary, Ministry of New and 
Renewable Energy (MNRE) said. 
“Given the rise in power tariffs, a 
feed in tariff will make people re- 
evaluate the costs and benefits of 
solar power.” Pradhan added that his 
Ministry was in talks with Germany, 
which has nearly half its 27,000 MW 
of solar energy capacity generated 
by rooftop-based systems, to help 
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implement the scheme. To be sure, 
several states, such as Gujarat, West 
Bengal, Karnataka and Tamil Nadu, 
have announced rooftop solar-power 
generation schemes but these come 
with several restrictions, such as 
being open only to government 
buildings and academic institutions, 
as well as requirements that the 
installed project to be of a minimum 
size. “Were planning on a further 
centralised subsidy,” said Tarun 
Kapoor, Joint Secretary, MNRE. 
“When you couple that with 
initiatives by various states, we’re 
expecting a major change in solar 
usage patterns in the country. I 
wouldn't then be surprised with 
2,000 MW of rooftop solar power 
by 2017.” 

Apart from JNNSM, India’s solar 
power industry has been boosted 
by the decline in prices of solar PV 
panels, down 25 per cent from what 
they were in 2008. This is largely 
due to a manufacturing glut in 
China, which now surpasses Europe 
and the US in producing solar cells 
and is also a primary source of raw 
material for Indian solar-panel 
manufacturers. Rajasthan has a 
dominant 70 per cent of India’s 
installed solar power capacity of 
1,000 MW, thanks to sunshine, 
desert topography and incentives to 
power developers under JNNSM. 
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Experts said a feed-in tariff 
system could be misused and 
regulators need to be watchful. 

They would need to look out for 
abuses such as “feeding back utility 
supply generation from subsidised 
fuels, etc. However, reducing 

solar prices and increasing diesel 
prices may make such a situation 
very improbable,” said a report 

by Prayas Energy group, a Pune- 
based energy consultancy. “It is 
desirable to move away from the 
feed-in tariff route and prioritise self 
consumption (where homes produce 
their energy instead of banking on 
incentives from power distribution 
companies).” 

A feed-in tariff policy wouldn't 
necessarily be a strong incentive 
to encourage rooftop solar policy 
initiatives, said the CEO, Council on 
Energy Environment and Water. 

He said. “For example, the 
incentives that might make more 
sense in Bangalore are different from 
Delhi which has different energy 
consumption patterns. Unless this 
is addressed, no one scheme can 
be a panacea. I haven't specifically 
analysed the feed-in tariff for solar but 
the big problem to encouraging access 
to renewable energy is the lack of 
innovative financing schemes.” 

www.eai.in 
14 December 2012 
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HIGH-EFFICIENCY 
QUANTUM DOT SOLAR 
CELLS DEVELOPED 
Research shows newly developed 
solar powered cells may soon 
outperform conventional solar 
PV technology. Scientists from 
the National Renewable Energy 
Laboratory (NREL) have 
demonstrated the first solar cell with 
external quantum efficiency (EQE) 
exceeding 100 per cent for photons 
with energies in the solar range. 
While traditiona! semiconductors 
only produce one electron from each 
photon, nanometer-sized crystalline 
materials such as quantum dots 
avoid this restriction and are being 
developed as promising solar 
PV materials. An increase in the 
efficiency comes from quantum 
dots harvesting energy that 
would otherwise be lost as heat in 
conventional semiconductors. The 
amount of heat loss is reduced and 
the resulting energy is funnelled into 
creating more electrical current. 

By harnessing the power of 
a process called multiple exciton 
generation (MEG), the researchers 
were able to show that on an 
average, each blue photon absorbed 
can generate up to 30 per cent 
more current than conventional 
technology allows. MEG works 
by efficiently splitting and using 
a greater portion of the energy in 
the higher-energy photons. The 
researchers demonstrated an EQE 
value of 114 per cent for 3.5 eV 
photons, proving the feasibility of 
this concept in a working device. 

Joseph Luther, a senior scientist 
at NREL, believes MEG technology 
is the right direction. “Since current 
solar cell technology is still too 
expensive to completely compete 
with non-renewable energy sources, 
this technology employing MEG 
demonstrates that the way in which 
scientists and engineers think 
about converting solar photons to 
electricity is constantly changing,” 
Luther said. “There may be a chance 
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to dramatically increase the efficiency 
of a module, which could result in 
solar panels that are much cheaper 
than non-renewable energy sources.” 
www.sciencedaily.com 


26 October, 2012 
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LA GOES SOLAR 

After decades of getting electricity 
from faraway pollution-and- 
greenhouse-gas-spewing coal-fired 
power plants, Los Angeles is looking 
out of state for less toxic forms of 
energy. The city council approved a 
25-year power purchase agreement 
with K Road Moapa Solar for up 

to 250 MW of power from a solar 
power plant on tribal land of the 
Moapa Band of the Paiute, north of 
Las Vegas. 

The Los Angeles Department of 
Water and Power has said it expects 
to get around 606,650 MW-hours of 
energy annually from the planned 
solar PV operation beginning around 
2015 — enough to power about 118,000 
homes. According to City Council 
documents, the LADWP will pay up to 
64.8 million USD a year for the power, 
which roughly works out to about 
10.6 cents per kilowatt-hour. Under 
the deal, LADWP will also purchase a 
5.5-mile transmission line, at a cost of 

















18 million USD, to connect the power 
to its substation, and get an option to 
purchase the solar power plant. 
LA now obtains a hefty portion of | 

its power from big coal-fired plants 
in Arizona and Utah, but there is a 
direct coal angle to the Moapa solar 
PV development: The Moapa are 
hopeful that producing power from 
solar can eventually allow for the 
shuttering of the Reid Gardner power 
station that sits right in the middle of 
their community. That’s a hope U.S. 
Senate Majority Leader Harry Reid 
addressed in reacting to the LA City 
Council vote in favour of solar. “Unlike 
the old, dirty technologies used at 
the nearby Reid-Gardner coal plant, 
this new solar project will not emit 
any hazardous emissions, wastes, or 
carbon pollution,” the senator said in 
a statement. “I have worked hard to 
make sure that Nevada tribes have 
new opportunities to flourish and I 
am confident that this clean energy 
project will provide a meaningful 
opportunity to improve the quality of 
life for the Moapa Paiutes and nearby 
communities.” 

www.theenergycollective.com 

25 November 2012 


SCOTLAND ON TRACK TO 
MEET 2020 RENEWABLE 
ELECTRICITY TARGET 


Figures released by the Department 
for Energy and Climate Change 
(DECC) show that Scotland’s 
renewable energy generation of 806 
GW for the first half of 2012 was up 
12.8 per cent on the same period 

in 2011. DECC also confirmed that 
35 per cent of Scottish electricity 
demand was met from renewables 
in 2011, smashing the 31 per cent 
target and making it a record year 
for renewable energy generation in 
Scotland. Scottish Energy Minister 
Fergus Ewing said, “These statistics 
show once again that Scotland leads 
the world in renewable energy 
generation, and that our industry 
goes from strength to strength.” 


eS 


“The Scottish government has the 
ambitious, but achievable target of 
generating the equivalent of 100 per 
cent of electricity from renewable 
sources by 2020, as well as more 

from other sources, and we are 
determined to ensure communities all 
over Scotland reap the benefit from 
renewable energy.’ Dr Richard Dixon, 





director of WWF Scotland said, “It’s 
great news that Scotland is producing 
even more renewable electricity than 
last year, but this should come as no 
surprise. We have repeatedly beaten 
our renewable electricity goals and are 
well on track to hit the 100 per cent 
target by 2020. Clean, green energy 
from a whole range of renewables is 
vital to our move to reduce climate 
change emissions.” 
www.keepscotlandbeautiful.org 
2 October 2012 
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AUTOMAKERS GEAR UP 
FOR BATTERY-BASED 
VEHICLES 

If the upcoming L. A. Auto Show is 
any indication, American motorists 
are in for a green holiday season. A 
preliminary estimate shows as many 
as 50 new cars, trucks, and crossovers 
will make their debut during the 
annual event, the first big U.S. auto 
show of the 2013 model year. A sizable 
chunk of those new models will be 
battery-based, including everything 
from conventional hybrids to pure 
battery-electric vehicles. But the L.A. 
show also will point out how even 
conventional gasoline power train 
technology continues to become 
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more and more environment friendly. 
Among the most significant debuts 
already announced for Los Angeles, 
Honda Motor will introduce its 
first plug-in hybrid-electric vehicle, 
the Accord PHEV. Ford Motor will 
offer a pair of its own plug-ins, the 
Fusion Energy sedan and the C-Max 
Energy ‘people-mover’. The list 
of pure battery-electric vehicles, 
or BEVs, will include the new Fiat 
500e and the Chevrolet Spark EV, 
General Motors’ first fully electrified 
model since it pulled the EV1 from 
production just before the turn of 
the new Millennium. During a recent 
two-day media background session, 
GM revealed some ambitious plans 
for its electrification programme — 
which began with the December 2010 
launch of the Chevrolet Volt plug-in 
and which will soon add both the 
Spark EV and the upcoming Cadillac 
ELR plug-in. In all, the maker hopes 
to sell 500.000 battery-based vehicles 
between now and 2017. “Plug-based 
solutions will play a significant 
role in our technology portfolio 
going forward,” said globai product 
development chief Mary Barra. 
www.cnbc.com 
27 November 2012 
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TANZANIA PLANS FIRST 
GEOTHERMAL POWER 
PLANT 


Tanzania plans to drill its first 
geothermal power plant next year 
and expand renewable energy 

to plug a power deficit that the 
International Monetary Fund sees 
as an obstacle to the growth of east 
Africa’s second biggest economy. 
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Tanzania is racing to introduce 

a mix of power generation to cut 
reliance on hydroelectric dams 

that are vulnerable to erratic 
rainfall, and also aims to produce 
power from natural gas following 
big discoveries offshore. Stella 
Mandago, a senior energy officer at 
African Development Bank (AfDB), 
told Reuters on the sidelines of a 
geothermal conference that the 
bank would, with other development 
agencies, co-fund 50 million USD 

in the form of a grant and loan to 
Tanzania. Mandago said 25 million 
USD would be used on drilling of 
steam wells in Mbeya, south of 
Tanzania, while the rest would 

be used to develop renewable 
energy sources including solar and 
wind.“The country will receive 50 
million USD which will be disbursed 
right after the approval in February 
2013,” she said.“There is a potential 
of 650 MW (geothermal), but we are 
going to focus on 200 MW first, in 
two phases, starting with 100 MW,” 
said Mandago. The total capital 
requirement for the 200 MW would 
be 400 million USD, she added. The 
first 100 MW of geothermal power 
is expected to be available by 2016. 
Drilling for the second phase is due 
to start in 2015 and would become 
available by 2018. 

Although drilling down to access 
energy from the earth is expensive 
initially, the subsequent supply of 
cheaper geothermal power would 
help the country’s economic growth. 
The IMF warned in October that 
Tanzania needs to limit power 
outages if it wants to maintain 
buoyant growth this year and next. 
Tanzania produces about 800 MW, 
hardly meeting its power demand, 
estimated to grow to 1,583 MW 
by 2015. Kenya is the first African 
country to drill geothermal power, 
tapping steam energy in the Rift 
Valley region, to complement hydro 
and thermal or fuel-based power. 

www.reuters.com 
21 November 2012 
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Light Emitting Diode (LED) solar lights is emerging as an alternative to the grid 
powered conventional street lighting systems in rural areas because of their 
superiority in energy efficiency, lumen depreciation, operation and maintenance. 
Solar PV powered LEDs for street lighting systems are ideally suited for rural 
areas where grids are weak and there are frequent disruptions and outages of 
conventional electric power. 


M. SIDDHARTHA BHATT, RAJASHEKAR P. MANDI, K. PRADEEP 





ight emitting diodes (LEDs) are miniature bulbs 
of directional or pointed beams with UV resistant, 
weather proof, unbreakable plastic, super-lamination. 
Basically, the mode of building up luminaires of a large 
size is through clustering of miniature sources into a lamp. 
An individual LED gives a maximum output of 1200 lumen. 
Luminaires are configured out of around 3 to 60 LEDs. 
Solid state, white, opto semiconductor LEDs in 
conjunction with solar photovoltaic (PV) have the potential 
for energisation independent of the grid, especially in areas 
of weak and unreliable power supply. It is a continuously 
evolving technology, becoming cheaper each day and it 
serves as an ideal energy saving solution in the street lighting 
sector - portable as well as in-situ technology. The energy 
efficiency of LEDs (laboratory) which was around 100 
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Fig 1. LED Solar street lights in village 
Bukapur, Moradabad, Uttar Pradesh 


lumen/W in 2008 went up to 132 in 2009 and 231 in 2011. 
The field efficiencies are presently around 90-100 lumen/W. 
The difference in the laboratory and field conditions is on 
account of the operating temperature and other factors such 
as operating current, linkage to driver and battery unit, etc. 
A major advantage of solar PV based LED lighting 
technology is its ability to be later integrated into smart 
grid configurations in the electricity distribution sector 
because of its solid state technology which can be digitally 
controlled for illumination level, on/off operations, etc. The 
street lighting load when using LED systems would be of 
much lower electric rating that can also be controlled with 
ease. It is an ideal solution for a demand side management 
for minimisation of the grid evening peak created because of 
lighting loads. Dimming, without drop in energy efficiency is 
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a distinct feature of LED lighting. 

LEDs using SPV has the added advantage of bringing 
down the capital cost of the SPV system as the power 
requirement of the LEDs are far lower than that of 
conventional lighting systems. Hence, the SPV based LED 
lamps are emerging as the front runners for energy saving, 
grid independent street lighting systems (Fig. 1). The power 
input of equivalent LEDs is reduced to almost 25 per cent 
of their conventional tubular fluorescent lamp (TFL) or 
compact fluorescent lamp (CFL) equivalent. 

A typical configuration, as fixed by Ministry of New and 
Renewable Energy (MNRE) is a 40 W solar PV panel, 40 Ah 
battery and 9-11 W LED lamps, to give an output lighting 
level of over 15 lux at 4 m height and 4 m periphery (Fig. 3). 


Luminaires and their efficiency 

In general, a lamp (in the present context) is a light source 

energised by electric power from either the grid or through 

a solar installation. A luminaire is a device that serves for the 

distribution, filtering or transformation of the light, including 

necessary components for fixing, protection and energy 
supply of these lamps. Luminaires can be classified on the 
basis of the type of lamp, the number of lamps, the location 

(indoors, outdoors), the type of protection (luminaires for 

dry, humid or dusty environments), etc. 

This study is restricted to LED lamps for street lighting 
powered by solar PV power systems. LED systems have ideal 
compatibility with solar PV systems because both are solid 
state devices. 

Performance indices : Some of the characteristics of white 

LEDs are as follows: 

m The present light density is 1 med/m?. 

m The correlated colour temperature (CCT) is in the range of 
2600 K to 10,000 K. Typically it is 2600-3700 K. 

m The colour rendering index (CRI) varies between 75 and 
85. At lower colour temperatures the CRI is higher and 
decreases with the increase in CCT. 

= LEDs being point sources, the viewing angle of the emitter 
is 15-25°. 

m The operating voltage varies between 2.5 to 4 V (with 
typical values of 3.5 to 4 V) while the operating current 
varies between 100-1000 mA (with typical values of 300- 
500 mA). 

m The forward current varies exponentially with rise in 
forward voltage. 

m The lumen output increases with current at the rate of 0.25 
per cent to 0.35 per cent/mA. 

m The thermal resistance of the junction is around 8°C/W 
and the maximum junction temperature is around 150°C. 
= The luminous flux decreases with increase in junction 
temperature at the rate of 0.25 per cent/°C. At 150°C it is 

around 68 per cent of the value at 25°C. 

While in fluorescent and incandescent technologies the 
lumen efficiency increases with increase in power output 


Akshay Uría 





whereas in LED lighting systems it decreases with increase in 
power output. Hence, dimming improves energy efficiency 
besides reducing the power input. 

Energy efficiency: The basic conversion efficiency of electric 
power to light in the LED is represented by the lumen 
efficiency (e) which is the ratio of the lumen output to the 
electric input (lumen/W). Luminous flux (@ -lumen) is the 
luminous energy emitted/transmitted per second. Luminous 
efficiency (e -lumen/W) is the efficacy of the lamp or the 
inherent efficiency of the lamp. The 100 per cent conversion 
equivalent of electric power to light energy or maximum 
efficiency of a light source matching the chromaticity co- 
ordinates of white light is as follows: 

i. The photopic luminous efficiency of monochromatic light 
at 555 nm is 683 lumen/W. 

ii. The scotopic luminous efficiency (low light conditions 
with luminescence of 10-6 to 10-2 cd/m?) is 1700 lumen/W 
at 507 nm. 

iii. As per the International Standards 1 lumen is equivalent 
to 0.001496 W which gives a mesophic luminous efficiency 
of 668.45 lumen/W. Thus, in absolute terms 1 W is the 
equivalent of 668.45 lumen which is considered as the 100 
per cent luminous output. 

The maximum energy efficiency of an electric converter 
into light is governed by the Carnot cycle efficiency where 
the electric power is considered as a heat source at infinite 
temperature and the light source is considered at its colour 
temperature. The Carnot conversion efficiency is ~100 per 


A major advantage of solar PV 
based LED lighting technology 

is its ability to be integrated into 
smart grid configurations because 
of its solid state technology 

which can be digitally controlled 
for illumination level, on/off 
operations, etc. 
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cent because this is an energy transition from a higher graded 
source (electric power) to a nearly/slightly lower graded 
source (light). In solar PV conversion, the Shockley-Queisser 
limit of quantum efficiency for silicon for a gap band of 1.1 
electron volts (eV) is 33.7 per cent for a single layer and 86.0 
- per cent for infinite layers. 

In LEDs using Group III semiconductors, the internal 
quantum efficiency in multilayered conversion is 100 per 
cent for blue light of 490 nm at 2.7 eV energy level. The 
external quantum efficiency is given by, 

€ external.quantum.efficiency = 


€ internal.quantum.efficiency n electrical.chip n optical.chip (1) 


Where, £ is lumen/W and n is per unit or percentage 
The external quantum efficiency considers the optical 
loss due to refraction and absorption in the LED lens 


The maximum energy efficiency 
of an electric converter into light 
is governed by the Carnot cycle 
efficiency where the electric 
power is considered as a heat 
source at infinite temperature 
and the light source is considered 
at its colour temperature. 
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Fig 3. View of the street light configurations of 9 to 11 W. 


and electrical loss due to contact resistance in the LED. 
Taking each of these as 90 per cent, the external quantum 
efficiency of a LED works out to 72.9 per cent which is 
487.30 lumen/W. This does not include the AC to DC or 
DC to DC power conversion of input voltage and optical 
redistribution efficiency which is given under the lamp 
efficiency (see Equation 2). 

The maximum external quantum lumen efficiency 
of white LEDs (blue output converted to white) is 300 
lumen/W (energy efficiency = 45 per cent) with the 
use of nano crystal materials. According to published 
literature, the highest external quantum efficiency 
achieved is 200-240 lumen/W for experimental LEDs. 
The colour conversion efficiency (from blue to white) 
through the phosphor is already considered in the 
external quantum efficiency of emitter. The external 
quantum lumen efficiency of the light source/emitter, 
engine which includes the colour converter (from blue 
to white through the phosphor) is 90-110 lumen/W for 
commercial LEDs. 

The driver efficiency for a conventional driver is 
around 85+ per cent while for a well designed micro- 
controller based driver it can be as high as 98 per cent. 
Driver efficiency is highly sensitive to the cost of the power 
source (in the case of solar PV system where capital cost 
of the solar module is high). Investment in the driver cost 
is offset by the reduction in the cost of the PV panel. The 
optical re-distributor efficiency is around 95 per cent. 
These are the losses due to redistribution of the point 
source in the luminaire through diffusers, lenses, reflectors, 
etc., at the system level. The energy efficiency of the lamp 
is given by, 


E lamp 7 E emitter 4 ies A (2) 


Thus, the lumen efficiency of market LEDs which 
include the drive and reflector is around 100 lumen/W 
(energy efficiency = 15 per cent). 

Thermal load : The thermal load (q) (W) of the LED emitter, 
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Fig 4. Solar operated street lights in Deoghar, Jharkhand 


source/engine of electric power input of P (W) is given by, 
& emitter 
q= |1-\668.45/ |P (3) 


For a typical LED with a lumen efficiency of 90-100 
lumen/W, the thermal load is 85+ per cent of the input 
electric power to the emitter (after subtracting of the thermal 
loss in the driver). Heat sinks (Fig. 2) must be designed in 
conditions of higher power and lower lumen efficiency. The 
thermal load (q) (W) of the driver of rating P (W) is given by, 


q = l S n.) P (4) 


The driver thermal load is the fraction of the electric 
power absorbed in the driver as heat which is typically 
between 2 per cent to 15 per cent of the input electric power. 
The design of the thermal heat dissipation is through heat 
sinks of copper or aluminium or metal composites with air 
cooled fins or forced cooling (fans). LEDs are epoxy packed 
and the connection pins are used as heat sinks to dissipate 
the heat. If the thermal balance is maintained, i.e., the rate of 
heat dispersed is equal to the rate of heat generated, then the 
life of the LEDs will be as per design. Otherwise there will be 
temperature rise leading to lowering of life of the source and 
acceleration of lumen depreciation. 


Results 
Graphs 1 to 6 give the performance of a typical LED street 
light of 10 W input. Fig. 1 to 3 give the view of street light 


Table 1. The typical performance range of street lighting 
systems. 





Electronic | Power to 
Power (W) Efficiency | Electronic 
(per cent) | Circuit (W) 
Maximum 12.3 21.5 94.9 1.6 
Minimum 9.2 16.1 86.2 0.5 
Average 9.9 17.8 90.4 11 
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Graph 4. Battery voltage in a street lighting system 
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Graph 6. Integrated battery current in a street lighting system 


fixture and the thermal management system for heat 

dissipation. 

Areas for improvement in the system are: 

m Optimisation of the thermal management system for 
reducing the cost of extended heat transfer area as well 
as achieving the required level of cooling by avoiding 
temperature rise of the system. 

= Optimisation of design to achieve ingress proofing as well 
as enabling heat dispersion. 

m Optimisation of lumen depreciation after operation for 
2000-3000 hours. 

= Improvement in robustness of the driver under abnormal 

electrical conditions. 

a Design optimisation for configuring these street lighting 
lamps for gang/centralised operation in multiples of 25, 
50 and 100 lamps for rural clusters/networks. 


Conclusions 

The solar powered LED street lighting technology, 
addressed primarily to meet the requirements of rural 
areas that are weakly connected to the grid or facing 
power outages (Fig. 4). The LED street lighting systems 
provide 15 lux at a height of 4 m and periphery of 4 m at 
an energy efficiency of 90 lux/W. There is further scope 
for developments in the area of powering street lights for 
villages and rural clusters in a centralised operating mode 
for 25, 50 and 100 lamps. @ 


The authors are Additional Director, Engineering Officer and 
Engineering Assistant, respectively, in Energy Efficiency and 
Renewable Division, Central Power Research Institute, Bangalore. 
Email : msb@cpri.in 
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Battery Energy Storage 


Batteries based renewable energy systems bring stable 
and reliable power that supports critical applications. 
Cost, life cycle, safety, energy and power are major 
barriers in energy storage systems. The economic 
viability of renewable energy source largely depends on 
the efficiency of the battery and the cost effectiveness — 
of the storage system. jee 
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hronic power shortage coupled with an increased 
need for energy in a backdrop of rapidly growing 
population and emerging economies is posing 
challenges to the energy market. Renewable 
energy is an alternative that can meet the global energy 
supply deficit with the help of good energy storage systems. 
Batteries are extensively used with renewable energy utilities 
to store energy for later use, to supply energy on demand. 
Wind and solar power is susceptible to weather and its 
output is intermittent. Battery energy storage station makes 
renewable energy relevant to the grid and stabilises output 
from wind power plants and solar farms, strengthening the 
on-grid proportion of this power and enhances grid security. 
Taking advantage of storage battery discharge, a combined 
system of wind and solar power and energy storage can 
smoothen power output, stabilise electricity transfer and 
improve quality of grid connection for renewable energy 
power plants. In fuel cells, the energy reservoir in the form ofa 
battery may be required to offset the relatively slow response 
during transientload demands. With the recentadvancements 
in battery technology, efficient storage of energy in battery 
has become feasible and the conversion efficiency has 
also increased (Fig. 1 & 2). 





Battery parameters 

There are several parameters that are specified for a given 
battery. They vary from one battery type to another and also 
depend on operating conditions. Some of these parameters 
that serve as useful indicators of battery’s performance are: 
Capacity: It is the maximum charge storage capacity of a 
battery, represented in terms of Ampere-hour. 

Voltage: These are the open circuit voltage (theoretical 
voltage), working voltage (available voltage during 


Table 1. Table showing relative performance of various types of 
batteries 


Nickel 
metal 
hydride 


Nickel- 


Lithium 
cadmium | ion 





Volta ge ax * . ERK ke 
Cycle life *+ *** ++ kkk eek 
Energy density , oni pe paneer sane 
(by weight) 

Energy density , we ‘s wei) aoe 
(by volume) 

Safety OR *** kkk * okk 
High current +x eK +k kkk OK 
discharge 

High temperature , á EA EA abe 
performance 

Low temperature ,.,.. 2 ine oo oa 
performance 


Akshay Uría 





Fig 2. Solar battery system 


operating conditions) and cutoff voltages (voltages after 
which the battery needs to be recharged). 

Depth of discharge: This is a measure of how much energy 
has been withdrawn from a battery and is expressed as a 
percentage of its full capacity. 

Life cycle: It is the number of complete charge-discharge 
cycles that a battery can perform before its normal capacity 
falls below 80 per cent of its initial rated capacity. 

Self discharge: It is the electrical capacity that is lost when 
a battery is not being used. 


Factors affecting battery performance 

The theoretically available energy of a battery cannot be 
completely converted into electrical energy. Only a fraction 
of the theoretical capacity of the battery can be used. The 
performance of the battery is affected by various factors, 
some of which are: 

Voltage levels: When a battery is discharged its terminal 
voltage is always lower than the theoretical voltage. This is 
due to ohmic and polarisation losses. 

Discharge current: The magnitude of discharge current 
affects the battery’s terminal voltage and its service life. 
Higher discharge current results in shorter service life. 
Temperature during discharge: The temperature has 
a significant effect of battery capacity and its terminal 
voltage. As the battery temperature reduces both the 
voltage and capacity of battery decreases. 


Battery parameters vary from 
one battery type to another 
and also depend on operating 
conditions which serve as 
useful indicators of a battery’s 


performance. 
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Types of batteries and their comparison 
Batteries are typically classified as primary and secondary 
batteries. The primary batteries are non-rechargeable 
batteries. They need to be discarded once they discharge. 
They normally have a long shelf life and are used for portable 
electronic devices. They include alkaline and lithium 
batteries. Secondary batteries are rechargeable batteries. 
They are used as storage devices for electrical energy as 
their charge retention period is poor resulting in poor shelf 
life. They include the lead-acid batteries, Ni-Cd batteries 
and lithium ion batteries. Traction secondary batteries are 
used for storing energy in solar photovoltaic systems. They 
involve number of charge and discharge cycles. A comparison 
of the performance of popularly used lead acid, nickel metal 
hydride, nickel-cadmium, lithium ion and ferrous batteries 
is shown in Table 1. Li-ion and Fe batteries provide superior 
battery life, performance, safety and density compared to 
lead acid batteries. 

Lead acid batteries are cheap, bulky, need high 
maintenance and exhibit low power density. Nickel — metal 
hydride batteries are costly, rugged, need low maintenance 
and have a low power density. Lithium ion batteries have a 
high power/energy density and low weight/volume. They 
have very high efficiency but are expensive. 


Choice of a battery 

The choice of a battery depends on the given applications 

and is determined by following factors: 

« Working voltage and battery capacity 

a Cyclic requirements (in solar PV systems, batteries are 
required to provide energy whenever sunlight is not 
available. It is required to undergo a number of charge/ 
discharge cycles and are subjected to deep discharge due 
to load demands) 

æ Range of operating temperatures 

a Self discharge rate of batteries 


Nanotechnology for energy storage 

The overall performance and reliability of an advanced 
battery system depends largely on the cell chemistry. Lithium 
ion batteries can be used for a wide range of applications. 
Nanophosphate is an engineered nanoscale material with 
specific structural and chemical properties designed to 


A recent study at Stanford 
University has demonstrated 
that it is possible to build a solar 
battery entirely with carbon 
with a potential to deliver high 
performance at a low cost. 
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-5 microns 


<0.1 microns 
Fig 3. Electrochemical structure of nanophosphate 


maximise the performance of lithium-ion batteries. 

Fig 3 is an illustration of a cathode electrode, with the 
aluminum current collector foil covered with nanophosphate 
particles. The middle image is the nanophosphate secondary 
particle and the image on the right illustrates the primary 
particles. The primary nanophosphate particles are on 
the order of one-tenth of a micron in diameter and are 
agglomerated into much larger secondary particles, which 
have diameters of a few microns. Micron-sized secondary 
particles allow the nanophosphate powder to be handled 
and processed more easily. This unique electrochemical 
structure of nanophosphate enables a number of 
performance advantages, including higher power, excellent 
safety, long life and greater usable energy. 

A very recent study at Stanford University has 
demonstrated that it is possible to build a solar battery 
entirely with carbon. Carbon has the potential to deliver 
high performance at a low cost. Scientists at University 
of Texas are developing safe nano-engineered alloy 
anodes to replace the unsafe graphite anodes now used in 
lithium-ion technology to store electricity produced by 
renewable sources. 


Conclusion 

Batteries are useful in ensuring the optimum use of renewable 
energy. In fact the economic viability of renewable energy 
source largely depends on the efficiency of the battery 
and cost effectiveness of the storage system. The ultimate 
miracle battery is however, nowhere in sight and the battery 
remains the ‘weak link’ for the foreseeable future. As long 
as the battery is based on an electro-chemical process, 
limitations of power density and short life expectancy 
must be taken into account. It is necessary to adapt to this 
constraint and design the equipment around it. People want 
an inexhaustible pool of energy in a small package that is 
cheap, safe and clean. A radical turn will be needed to satisfy 
the unquenchable thirst for portable and mobile power. It 
is doubtful whether a superior electro-chemical battery, 
an improved fuel cell, a futuristic atomic fusion battery or 
some other ground breaking energy storage device will fulfil 
this dream. © 


The author is Head, Information Technology, Vidya Prasarak 
Mandal’s Polytechnic, Thane. Email: usharagha@gmail.com 
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SOLAR LAMPS FOR 
HOMES IN 


A study of 32 tribal villages of Pimplad, Maharashtra, shows that the solar lamp 
is the most sought after renewable energy gadget. The study also revealed that 
proper training of each beneficiary family and the provision of a dependable, low 
cost and easily accessible facility for repairs and maintenance ensures that the 
lamps continue to remain in regular use. 


ANANT B. TAMHANE 





itch darkness and unpaved roads lead us to this tiny has changed for them as their lifestyle has remained the 
village in India sheltering a community of tribal same over the centuries. The boon of electricity that 
families. With no grid-power access villagers have urban areas take for granted, is often a distant dream for 
learnt to make most of the daylight, using kerosene the rural populace. However efforts are being made by the 
(available through the public distribution system) fuelled Government both central and state, to bring about a change. 
lamps only during the hours of utmost necessity. Nothing A step in that direction has been taken by the Vivekananda 


Fig 1. Children at Pimplad 
studying under the solar lamp 
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Kendra Prashikshan aur Seva Prakalpa (Vivekananda Kendra 
for Training and Service Project). Under its ‘Project for 
Renewable Energy Intervention for Rural Development, 32 
villages were selected around Pimplad in the Trimbakeshwar 
Taluk of Nasik district in Maharashtra (Table 1). 


Mode of Implementation 

All the selected villages were fairly large in size and 
comprised of a few hamlets each. The houses were scattered 
and in general, located on farmlands. Although a network 
of motorable roads connected the hamlets, however a few 
hamlets could be accessed only by foot (-300 m) and were 
therefore not covered under the state electricity board 
supply. Thus, around 50 per cent of the houses had no access 
to electricity supply from the Maharashtra State Electricity 
Board (MSEB). The electrified villages also did not have 
uninterrupted power supply with outages lasting over 18 
hours a day. 

Solar lamps were selected as one of the important 
renewable energy gadgets for intervention. The village folk 
were, in general, resource poor. Most of them did not have 
ready cash to purchase these new gadgets. Also effective 
training for proper operation and maintenance of the 
new devices was the other important aspect that had to 
be considered. Keeping this in view and to ensure that the 
solar lamps provided to the villagers render satisfactory 
service over their normal life span, the following guidelines 
were adopted for selecting the beneficiaries: (1) Households 
which were either not covered by the MSEB or were unable 
to avail the connection were given priority; and (2) Full cost 
of the solar lamps was met from the project budget of EVE 
Foundation, Mumbai which worked in co-ordination with 
the Vivekananda Kendra. The Vanavasi tribal community 
selected for the distribution are mainly cultivators and 
labourers (Fig. 2). The project also taught the benefactors 
how to repair solar lamps using LED technology. In all 
4500 solar lamps were distributed in 32 tribal villages since 
September 2010 (Fig. 3). 


Table 1. Background of Project Area 


Bramha- 
rein [sn ot 





Population 1500 1000 1200 1100 
No. of house 

ha 350 250 270 325 150 
Area under 

farming 85 65 75 70 30 


(in hectares) 


Major crop Rice and Nachani only, grown from rain water 
Energy Few diesel and electric pumps for lifting water from 
source rivers and ground water from open wells 
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Fig 2. The villagers filling up forms to avail the solar lamp 


The solar lamp configuration 

Lantern mode -Ten LEDs are used to light up a room. It 
provides 16 hours of service. 

Turbo mode - Ten LED light up to the ‘very bright mode 
which allows it to be used as a desk lamp for reading. It can 
be used for 4 hours in this mode. 

Torch mode - Out of ten LEDs only two light up. It can be 
used as a night lamp too and can provide 16 hours of service. 
All the above three facilities are available on a single switch. 
In the turbo mode solar lamps provide 200 per cent brighter 
light than a kerosene lamp. 


Vivekananda Kendra Prashikshan 
and Seva Prakalpa 
The training centre covers a project area of several remote 
tribal villages and small ‘padas? The Vanvasi tribal community 
inhabiting these areas are deprived of education, health care 
and employment. To carry forward the great vision of Swami 
Vivekananda the Kendra was first launched in Kanyakumari 
in 1972. The branches then spread over the farthest and 
inaccessible areas of the country to be silently engaged in the 
task of ‘nation building’ with the theme ‘serve man- serve God’. 
The work undertaken in Pimplad, actualises the messages 
of Swamiji. Balwadi, anandalaya, vivekashram, aarogya seva, 
shramdaan shibirs, vocational training and mahila jagran are 
some of the activities undertaken for the Vanavasi villages. 
The Vivekananda Kendra Prashikshan Seva Prakalpa also 
propagates the use of biogas and are evolving a programme 
for biodiesel. Use of Kandi-coal is also propagated. The 
Vivekananda Kendra’s Natural Resources Development 
project known as VK-NARDEP has been working for more 
than 25 years in the field of sustainable development. Its 
work in renewable energy has even won the organisation the 
prestigious international ‘ASHDEN’ award. 


In conclusion 
The salient points that emerged during the implementation of 
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the solar lamps project in the selected villages are as follows: 
Solar lanterns are one of the most effective and sought 
after RE gadgets in the villages. 
There is a need to adequately train the adults of each 
beneficiary family in order to ensure satisfactory 
performance of the gadget. 
The quantity and reliability of materials used to create the 
solar lamp ought to be excellent for the smooth running of 
the gadget. 
Dependable, low cost and easily accessible systems for 
repairs and maintenance are a must in order to ensure that 
the solar lamps continue to remain in regular use. 

After a very long wait there is now some light in the lives 
of the villagers of Pimplad - all due to the newly installed 
solar lamps. After darkness falls children are now found Fig 3. Villagers and trainers in Pimplad 
huddled around solar lamps - studying. Women visit one 
another’s house more frequently with the quarters being sapling procurement etc.) and holding meetings with senior 
lighted up. With working hours extended, women are now members to exchange agriculture related know-how. Above 
performing various household chores like stitching and all people are saving the money that was spent on kerosene 
cooking under the illumination of the reliable solar light. and are not being subject to indoor pollution too. 

Men too are involving themselves in productive activities by 





. The author is an Engineer Consultant in Renewable Energy, 
settling farming material (such as produce in godowns, seed/ Vidharbha, Maharashtra, email : anant.tamney@yahoo.com 








Renewable Energy in India sx 


There has been consistent increase in the pace of renewable energy development and the sector has grown at 
an annual rate of 23 per cent rising from about 3900 MW in 2002-2003 to about 26,137 MW in September 2012. 
Wind energy continues to dominate India’s renewable energy industry, accounting for 70 per cent of installed 
capacity (18,192 MW), followed by small hydropower (3,447 MW), biomass power (3,359 MW) and solar power 
(1045 MW). In terms of electricity generation, with normative capacity utilisation factors, the renewable 
power installed capacity is generating around 50 BU per year corresponding to about 6.5 per cent in the total 
electricity mix and 12.5 per cent of total capacity in 2011-2012. Off grid applications of renewable energy have 
also made significant headway. 





Source™ MNRE 
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PV Laboratory Kit for 


The National Centre for Photovoltaic Research and Education 
(NCPRE) at Indian Institute of Technology Bombay (IITB) used a 
novel and low cost ‘Solar Photo Voltaic Laboratory Kit’ (SPLK) to 

conduct teaching courses in remote centres. 


CHETAN S. SOLANKI, BRIJ M. ARORA, JUZER VASI AND GAURAV B. TARE 


Fig 1. Hands-on training to 
teachers on the lab kit, NCPRE 
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he Solar PV Laboratory Kit is designed by the 

faculty and research staff of NCPRE using low cost 

components. Using the Kit, one can perform various 

experiments right from the cell to system level. For 
the two week interactive course 35 lab kits were fabricated 
and shipped to 35 remote centres. The approximate cost 
of each kit was Rs. 40,000. The coordinators of the remote 
centres received hands-on experience with the laboratory 
kit well before the course and thereafter they provided the 
hands-on training to teachers participating at the respective 
centres (Fig. 1). To supplement the lab kit, a detailed 163 
page laboratory manual was also sent out to all centres. In 
addition, a DVD, ‘Solar PVs: Fundamentals, Technology 
and Applications’ showing how the experiments are to be 
performed, was also provided. These served as an aid to the 
coordinators during the course as well as a reference for the 
participants while performing the experiments. 


Laboratory Kit 


Each laboratory kit consists of five sub-kits and one 
freeware. They are as follows: 


i. Solar PV Module Characterisation Kit - It makes use of 
mono-crystalline and multi-crystalline solar PV modules 
(10 W and 2 numbers each). These mono and multi PV 
modules are diagonally arranged in the frame so that one 
can identify the difference in mono and multi technology of 
solar PV modules. At standby, this frame of PV modules rests 
in another frame having a mechanical moving and locking 
arrangement. This makes the PV module kit very compact 
and a person can easily carry it from his lab to the roof or 
suitable place having direct sunlight for undertaking the 
experiment. The moving and locking arrangement facilitates 
to set and lock the solar PV module frame very precisely 
at required angle between 0-90°. The protractor reads the 
proper tilt angle of the PV modules frame. It consists of 
two fixed legs in the front and two castor wheels at its back; 
the castor wheels can be used to rotate the PV module kit 
to track the sun, the fixed legs keeps the kit fixed during 
low wind loads. While tracking the sun using the moving 
arrangement and castor wheels, the needle provided right at 
the centre of the PV module frame shows the direction of the 
sun. When the shadow of the needle becomes zero, it means 
that the PV modules are directly facing the sun. The banana 
pins provided as terminals of PV modules facilitates series 
and parallel connections of the PV modules within the kit 
very conveniently (Fig. 2). 


ii. Solar PV Cell Characterisation Kit - Two 4 x 4 cm? glass 


laminated multi-crystalline solar cells are housed inside the 
cabinet in an aluminium block. This aluminium block is fitted 
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Castor wheels at 
7 two ends for 360° 
rotation 


Degree protractor at 
either end of the kit 


Two crystalline and 


; : Fixed legs at two 
two multi crystalline 9 


ends for firm 





SGOR holding of the kit 
Needle for Locking arrangement 
shadow at two ends 

Handle for Key used in the 
opening the locking arrangement 
frame 





Fig 2. Solar PV module characterisation kit 


with a heater and a temperature sensor. The temperature 
controller facilitates the controlling of temperature on the 
solar cells (temperature dependence of a solar cell can be 
studied). The cooling fan directly blows air on the aluminium 
block and solar cells when cooling is required by the user. The 
ammeter and voltmeter gives the readings while performing 
experiments, the 100 Ohms resistance pot acts as variable 
load on the solar cells, one can vary the pot gradually to plot 
I-V characteristics. 

For using the nearly 1000 W/m? obtained from the 


Pyranometre 





Calibratéd solar celi 


Fig 3. Solar cell as radiation measurement kit 


sun, two of quartz halogen lamps (50 W rating each) are 
used. These lamps are provided with intensity regulator 
knob and a series of insertable filters and glasses to vary 
the light intensity while performing experiments. The 
kit is also provided with a switch for internal and external 
mode. Internal mode is the normal mode for performing 
experiments and in the external mode, an external power 
supply (four quadrant power supply or an electronic load) 
can be used so as to study the dark and illuminated current- 
voltage characteristics of a solar cell (Fig. 3). 


iii. Solar PV System Characterisation Kit - The PV system 
consists of different components of a stand-alone PV system 
such as solar PV modules, battery, inverter and load. In this 
the major components are solar PV modules, battery and 
inverter. Solar PV modules are used to charge the 12 V, 7.2 
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Se 12V, 7Ah 
Exide battery 


inverter without casing 





Fig 4. Efficiency measurement of standalone solar PV system 


Ah sealed maintenance free battery. The AC loads on the 
100 W inverter when put on, discharges the battery through 
inverter and load (Fig. 4). 


iv. Carrier Lifetime Measurement Kit - The kit consists of a 
commercially available small-area mono-crystalline cell and 
is lifetime measured - using two simple methods: the open- 
circuit voltage decay (OCVD) obtained by pulsing a bank of 
white LEDs and the reverse recovery transient measurement 
obtained by using the solar cell as a p-n junction (Fig. 5). 


v. Spectral Response Measurement Kit (SRMK) - It consists 
of synthetic light source composed of light emitting diodes, 
covering a wavelength range of 360 to 1060 nm. A LED of 
required wavelength can be selected electronically by push 
buttons for the increment/decrement of wavelengths. Solar 
cell under test is exposed to light of each wavelength by 
exciting the corresponding diode and the photo current is 
measured. In the scheme used, each LED is turned on for 
a fraction of a second. A 10 Ohm resistor connected across 
the cell develops voltage proportional to photo-current, 
which is amplified and digitised by using an analogue to 
digital converter and stored. Ratio of photo-current to light 
power from diodes at various wavelengths gives the spectral 
response. From spectral response, it is straight forward to 
determine the external quantum efficiency. 


vi. Freeware (PC 1D and SEQUEL) - One can do the simple 
simulation to estimate the effect of a given parameter 
on solar cell efficiency. PC1D (photo-conductance one 
dimensional) is the name of simulator which is freely 
available and well recognised all over the world. There are 
many research papers that have been published based on the 
results obtained from PC1D. 

The simulations done using SEQUEL include (a) I-V and 
PV characteristics ofa solar cell; (b) I-V and PV characteristics 
of an array of solar cells, including the effects of shading; and 
(c) a DC-to-DC closed-loop converter in which the output 
voltage follows the command voltage by suitably adjusting 
the duty cycle of the gate signals controlling the switches. 
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The above mentioned sub-kits and freeware can be used 

for performing eleven 2 hour experiments, as below: 

# Measuring parameters of a solar PV module in the field. 

= Series and parallel connection of solar PV modules. 

= Effect of sun tracking on energy generation by modules. 

= Efficiency measurement of a stand-alone solar PV system. 

# Dark and illuminated I-V characteristics of a solar cell. 

m Solar cells connected in series and parallel. 

=m Dependence of solar cell I-Vs on light intensity and 
temperature. 

= Carrier lifetime measurement for a solar cell. 

= Spectral response measurement. 

m Solar cell simulation using PC1D. 

m Solar circuit simulation using SEQUEL. 

Experiments 1, 2 and 3 can be performed using the 
Laboratory Sub-Kit 1 having mono-crystalline and multi- 
crystalline modules obtained commercially and mounted 
on a specially designed and constructed stand which could 
be manually tilted and fixed as desired. Experiments 5, 
6 and 7 were performed using the Laboratory Sub-Kit 
2 which is a purpose-designed low-cost solar simulator, 
which approximately simulates the solar light using 
halogen lamps. A set of filters is provided to vary the 
intensity of light. It also uses a special low-cost 4-quadrant 
I-V measurement system by which the dark and illuminated 
I-V characteristics of a solar cell can be studied. The 
apparatus has two commercial small-area solar cells which 
can be connected in series and in parallel to investigate 
I-V characteristics of these combinations. For the carrier 
lifetime measurement, the kit has a commercially available 
small-area mono-crystalline cell using two simple methods: 
the open-circuit voltage decay (OCVD) obtained by pulsing 
a bank of white LEDs, and the reverse recovery transient 
measurement obtained by using the solar cell as a p-n 


Lifetime Measurement Kit 





Fig 5. Carrier lifetime measurement kit 





Fig 6. Solar PV kit 


junction. Experiment 10 on simulation is performed by 
using the public-domain simulation package SEQUEL 
developed at IITB. 


Conclusion 

The guiding philosophy behind the laboratory experiments 
and the low-cost laboratory kit is to give the participants 
a feel of performing actual solar PV based measurements 
without insisting on the accuracy typically associated with 
high performance expensive instruments. The low-cost kit 


The guiding philosophy behind 
the laboratory experiments 
and the low-cost laboratory 

kit is to give the participants a 
feel of actual solar PV based 
measurements. 
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could easily be replicated further if required for solar PV 
courses developed at the participants’ colleges. 

After the successful dispatch and utilisation of 35 
kits at the remote centres during the two week course, 
the usefulness of the laboratory kits was realised. 
The participants appreciated and insisted on getting 
a set of the laboratory kit at their college or institute 
(Fig. 6). Thereafter, IITB proposed to the Ministry of New 
& Renewable Energy (MNRE) for the approval of another 
165 kits for institutions across the country. Keeping in 
mind the usefulness of a laboratory manual to students, 
graduate and post graduate teachers as well as professionals 
and individuals, the copy of the ‘Solar Photovoltaics: A 
Lab Training Manual’ will be made available on-line for 
downloading and will soon be available in stores as well. © 


The authors are Associate Professor, Dept. of Energy Science 

and Engineering; Professors, Dept. of Electrical Engineering; and 
Research Assistant, National Centre for Photovoltaic Research and 
Education, respectively, Indian Institute of Technology, Bombay, 
Mumbai. Email: chetanss@iitb.ac.in 
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ELECTRIC VEHICLES 








THE WAY FORWARD 


The Government of India recently approved a Rs 23,000 crore ‘National 
Electric Mobility Mission 2020’ proposal that was put forth by the 
National Council for Electric Mobility. This Mission comes in the wake of 
rapidly dwindling petrol resources, volatile crude prices, a yawning fiscal 
deficit, growing concerns of the impact of conventional vehicles on the 
environment and climate change. 


VENUGOPAL SAMPATH KUMAR 


Fig 1. Tesla TAG Heuer Roadster - a fully 
electric, battery operated sports car 


ndia is the third largest contributor to global carbon 

dioxide emissions after China and the USA. This is in 

spite of the fact that car penetration levels are only a 
fifteenth of that of the USA. With the average disposable 
income rising steadily and automobile penetration levels 
on the uptrend, it is only rational to expect an explosion in 
the number of automobiles and consequently, greenhouse 
gas (GHG) emissions in the near future. The demand for 
liquid fuels would multiply consequently pushing the fiscal 
deficit and inflation upwards, something the government is 
struggling to control as it is. In this background promoting 
electrical vehicles (EVs) will be the ideal recipe. 
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Past Efforts and Status Quo 
The Ministry of New and Renewable Energy (MNRE), in 
November 2010, introduced a Rs 95 crore subsidy scheme 
to provide incentives to electric vehicle buyers. The scheme 
provided subsidies of up to 20 per cent on ex-factory prices 
of electric vehicles translating into a Rs. 4000 discount for 
low-speed and Rs. 5000 discount for high-speed electric 
two wheelers; and close to Rs. 1,00,000 for electric cars 
(Fig. 1 & 2). The plan appeared to work with sales increasing 
by close to 70 per cent in 2011 touching 80,000 units. 
However, the scheme expired in March this year causing 
a steep drop in sales to about 3000 units a month with not 


a 


a single electric car being sold in the months of April and 
May. Of the 1000 dealerships in the country, 250 shut down 
and 3 out of 12 e-bike manufacturers shut shop. This clearly 
highlights the dependence of the industry on subsidies. The 
MNRE has since reinstated the subsidy scheme in September 
giving in to the pleas from electric vehicle manufacturers. 

While the MNRE’s scheme boosted sales of electric 
vehicles two-fold, it did little to create a sustainable market. 
The most common reasons cited for the electric vehicles 
market not picking up the first time around were lack of 
awareness creation and support infrastructure viz. charging 
stations. India currently has about 1500 electric cars and 
400,000 electric bikes on the road. 


National Mobility Mission 2020 


More than 80 per cent of the envisioned 6-7 million electric 
vehicles on Indian roads are expected to be two-wheelers. 
For the plan to succeed, average yearly sales in the order of 
800,000-1,000,000 two wheelers would be required, nearly 
ten times the number of vehicles sold in the industry's best 
year till date. The Government is expected to invest Rs. 
12,000-14,000 crores over the next 5 years, primarily to boost 
demand through subsidies, a move to facilitate consumer 
acceptance of these newer technologies which have higher 
costs of acquisition. Furthermore, the Government will 
invest heavily on research and development efforts and put 
in place charging infrastructure to encourage migration from 
conventional methods. The substantial savings on account 
of decrease in fossil fuel consumption will more than offset 
the support provided therefore justifying this initiative as an 
economically viable proposition (Table 1). 


Market Drivers 

EV sales in the past, in developed markets have been driven 
by green enthusiasts who did not mind dishing out a little 
more for something that would cause a lesser impact on the 
surrounding environment. The Indian market, however, is 
vastly different as it focuses on economics and cost-benefits. 
Therefore, it is a highly price-driven market. Secondly, 
most customers tend to compare an EV with a conventional 
automobile and thus expect maximum range even if it is true 


Table 1. National Mobility Mission 2020 Highlights 


Mission Highlights Intended Effect/Purpose 


6-7 million electric vehicles on the Liquid fuel savings of 2-3 million 


road by 2020. tonnes and lowering of GHG 
emissions by 1.3-1.5 per cent in 
2020 as compared to status quo. 

Close to Rs 23,000 crores Sound charging infrastructure 

expected to be spent with and extensive research and 


government contributing around 
Rs 12,000-14,000 crores and 
industry about Rs 8000-9000 
crores. 


development to be carried out. 
Subsidies to boost sales of EVs. 
Creation of a wider range 

of products. 
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Fig 2. Electric vehicle - Siemens electric car, Munich, Germany 


that they do not use the entire range on a daily basis. It gives 
them ‘more options’. A third driver would be the burgeoning 
petrol and diesel costs. Petrol has been fully deregulated and 
the prices are expected to only go higher. Diesel deregulation 
is expected at some point in the future and the prices have 
already seen a 10-per cent increase recently. Other factors 
such as lower charge time and wider product ranges could 
act as sales drivers as well. 


Challenges 

While there remains no doubt that subsidies will play a big 
role in stimulating sales and promoting electric vehicles in 
order to achieve envisioned sales figures a lot more will be 
necessary. 

a Vehicle safety : It has been a major deterrent to the large- 
scale adoption of electric vehicles in the past. Lithium-ion 
batteries are prone to fire and hence present a considerable 
stumbling block to the growth of the industry. Stringent 
quality control measures and safety standards have to be put 
in place to ensure that only batteries of the highest quality 
are used because even a single incident can set the industry 
back by a few years. 

= In the past, electric vehicle owners have complained 
that post-sales service offered by the manufacturers were 
extremely discouraging. Excellent after-sales service in 
combination with good charging infrastructure can go a 
long way in improving the overall attractiveness of electric 
vehicles to the consumer. These methods have been winners 
for conventional automobile manufacturers in India with 
Maruti being a good example. 

a EV owners have often complained about the product range 
when it comes to EVs. Even though this is capital intensive, 
it could work in the favour of the manufacturer in the long 
run if companies look at investing in a wider product range. 


Positives 

Although the challenges are many, there are a few factors that 
will be working for the Mission and the growth of electric 
vehicles. Recent and imminent hike in gas prices will work in 
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favour of EVs improving viability and thus, strengthening its 
case for growth. This crucial factor, in tandem with subsidies, 
promises to be the biggest driver of electric vehicle sales 
during the tenure of the plan. 


Points for Consideration 

m Lack of awareness is often cited as one of the main reasons 
behind EVs not previously taking offin India. The Government 
in partnership with vehicle manufacturers can undertake 
awareness campaigns to clear popular misconceptions about 
EVs. With the right charging infrastructure, full charge time 
can be cut to about 4-5 hours considering that residential 
power is supplied at 220 V in India. Another useful fact that 
could be conveyed is that 80 per cent charge takes only 2-3 
hours, more than enough for the average Indian commuter. 
m The Government can also play a part in showcasing the 
benefits by investing in electric buses and taxis. Such a public 
transparent system would go a long way in raising consumer 
confidence. 

m Pure battery EVs are very expensive and are known to be 
less successful than plug-in hybrid electric vehicles (PHEVs) 
and hybrid electric vehicles (HEVs) since the initial cost is 
much higher. PHEVs and HEVs can bridge the gap until 
battery costs are lowered easing the transition to pure 
battery EVs. In this context, range extended electric vehicles 
(REEVs) can be a good alternative as well. In these vehicles. 
there exists a small ICE which charges the battery unlike 
the conventional hybrid. Therefore, when charge runs out, 
conventional fuel could be used to charge the battery thus 
extending the range. 

m At a time when fossil fuel prices are steeply rising and 
forcing the public to pay attention to their fuel bills, the time 
is ripe for the introduction of the national plan. The onus will 
be on the Government to set the tone for the EV industry 
in India over the next 5 years. Leading by example can be 
a move that could work wonders for the sector. The target 
of 6 million electric vehicles on the road looks achievable 
considering the success of electric bikes in a similar Chinese 
two-wheeler dominated market provided the investment is 
used prudently. 

= India is predominantly a two-wheeler market. Two- 


Hikes in gas prices will work 

in favour of electric vehicles 
improving viability and thus, 
strengthening the case for 
growth. This crucial factor, in 
tandem with subsidies, promises 
to be the biggest driver of 


electric vehicle sales. 
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Electric Vehicles 


There are 2-wheeler and 4-wheeler electric 
vehicles. Two wheeler vehicles are apt for shorter 
distances. They are lighter, have lower battery 
size requirements and are, hence, cheaper. They 
have also been proved to be hugely successful 
in a two-wheeler dominated market like China 
which has around 6-7 million 2-wheelers. Four 
wheeler electric vehicles are, however, much 
more popular in the west. They have higher 
battery requirements envisaged to be apt for 
long commutes and trips. Purely battery electric 
vehicles have, yet, to take off fully - with hybrids 
proving to be more popular. 


Drivers m Economics and cost-benefits: 
Financing options m Vehicle range m Burgeoning 
conventional fuel costs m Lower charge time 

= Wider product range 

Deterrents = Vehicle safety m Post-sales service 
m Product range æ Public confidence 

Positives m= Rising fossil fuel costs: Improving 
economics m Predominantly two-wheeler market 
a Global battery cost-reduction efforts 





wheeler EVs have been proven to be a success in a similar 
price-driven Chinese market simply because the initial 
investment is lower. 

m A recent McKinsey analysis showed that current cost 
reduction efforts can cut the battery costs by up to 60 per 
cent by 2020. The battery unit accounts for 60 per cent of 
the electric vehicle costs. Prudent R & D investments and 
efforts in this direction will improve the affordability of 
electric vehicles. © 


The author is Senior Research Analyst, Energy Alternatives India, 
Chennai. Email: venu@eai.in 
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Algae, a very large and diverse group of simple.autotrophic 
organisms ranging-from.unicellular to multicellular forms, constitute 
the largest part of the biotic components of aquatic ecosystems-and— 
are seen as an alternative to. land based biomass as their cultivation 

has several advantages over terrestrial plants. They are studied for 

ethanol production either directly or after the extraction of various 

bioactive compounds. However, selection of appropriate algal 

species, standardisation of mass cultivation practices coupled with 
development of economically viable compounds and optimisation of 
hydrolysis and fermentation processes are likely to play a major role 

in the improved production of ethanol. 
__. BEENA B-NAIR AND S. SESHADRI 


Fig 1. Scaled up algal cultures 
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roduction of biofuels from less exploited 

resources is now emerging as a topic of intensive 

research. Biomass is an attractive feedstock as it 

is a renewable resource that could be sustainably 
developed in the future. It has positive environmental 
properties resulting in low net release of carbon dioxide, 
very low sulphur content and significant economic 
potential. Bio-ethanol feedstocks can be divided into three 
major groups: (i) sucrose-containing feedstocks (e.g. sugar 
cane, sugar beet, sweet sorghum and fruits), (ii) starchy 
materials (e.g. corn, jowar, wheat, rice, potatoes, cassava, 
sweet potatoes and barley), and (iii) lignocellulosic biomass 
(e.g. wood, straw, grasses). Conventionally, substrates rich 
in starch and sugar like corn, sugar cane and sugar beet are 
utilised as common feedstock for ethanol fermentation. 
However, these feedstocks are too expensive and are in 
demand by other applications. Hence, there is a growing 
interest worldwide to find out new and cheaper sources for 
production of bio-ethanol. 

As bio-ethanol programme is directly linked to 
various issues like food security, farm economy, climate 
change, sustainability, technological developments and 
environmental concerns, simple fast growing biomass are 
viewed as a medium and long term option for bio-ethanol 
production. Algal biomass has the potential to act as one of 
the promising source of biofuels and serve as an excellent 
alternative source to meet the present and future fuel 
demands. Of late, research institutions and commercial 
houses have diverted their attention towards algae based 
biofuel and it is expected that the next decade will see a 
tremendous expansion of this area in the global market. 


Algae: The Third Generation Biomass 

Algae are photosynthetic organisms comprised generally 
of macroalgae (seaweeds, Fig. 2) and microalgae 
(phytoplankton). Seaweeds, classified as green, red and 
brown based on their pigmentation, are benthic marine 
forms rich in cell wall poly saccharides and carbohydrates 
and are used mainly in the production of commercially 


Algae have proved to be 
superior to any other biomass 
due to its environmental and 
economic sustainability, security 
of supply, absence of lignin, 
high photosynthetic efficiency, 
fast-growing rate and role in 
reduction of greenhouse gas 


emissions. 
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Fig 2. Seaweeds growing on rocks 


valuable phycocolloids such as agar, carrageenan and alginic 
acid, and as soil fertilisers and conditioners. Microalgae on 
the other hand are utilised in aquaculture industries and 
as nutraceutical supplements as well as for the extraction 
of high value compounds including carotenoids and 
polyunsaturated fatty acids. Since certain algae are rich 
in carbohydrates (generally seaweeds - 20 to 50 per cent 
and microalgae - 4 to 23 per cent dry weight) of various 
forms such as starch, cellulose, glucose and other sugars 
and polysaccharides, they provide an economically viable 
feed stock for fermentation to ethanol. 

Algae, considered as the third generation biomass 
have proved to be superior to any other biomass due to 
its environmental and economic sustainability, security of 
supply, absence of lignin, high photosynthetic efficiency, 
fast-growing rate and role in reduction of greenhouse gas 
emissions. They have the potential to convert atmospheric 
carbon dioxide into useful biomass by growing even in 
wastewaters and can yield biofuels without much harm to 
food supplies, biodiversity and agriculture. A number of 
algal species with high oil and starch content are now being 
identified and tested for mass culturing and biodiesel and 
bio-ethanol production (Fig. 1). 


Ethanol Production 

Ethanol can be produced from sugar / starch / cellulose 
containing biomass by the action of specific microbes. 
The process generally involves acid hydrolysis followed by 
treatment with hydrolytic enzymes and then fermentation. 
Since carbohydrates are found in various forms such as 
starch or cellulose they need to be hydrolysed into sugars 
to be utilised by ethanologenic microorganisms to ferment 
them into alcohol. Thus ethanol production is carried out 
in two major steps, saccharification of starch / cellulose 
to sugar and fermentation of the hydrolysate by specific 
microbial strains such as yeast. 

Various types of pre-treatments are carried out for the 
improved conversion of cellulosic materials to fermentable 
sugars before enzymatic saccharification. Contrary to the 
above, algae with higher photon conversion efficiency 
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Fig 3. Microalgal cultures in laboratory 


synthesise and accumulate large quantities of carbohydrate 
and less of structural biopoiymers like hemicellulose 
and lignin which simplifies the process of bio-ethanol 
production eliminating the need for thermochemical 
and enzymatic pre-treatment steps. However, due to the 
presence of different forms of carbohydrates, polyphenols 
and salts, seaweeds are pretreated with dilute acids, 
alkalies etc. and then hydrolysed by commercially available 
hydrolytic enzymes for the conversion of polysaccharides 
into glucose and fructose. Since at severe pretreatment 
conditions certain forms of carbohydrates are lost and 
fermentation inhibitors are likely to be formed, different 
combinations of these treatment factors are to be 
optimised in various conditions of temperature, pressure, 
pH and concentration. Use of very low concentrations of 
acids eliminates the sample neutralisation process before 
carrying out the enzymatic hydrolysis. However, maximum 


Table 1. Potential Algae for Bio-ethanol Production 


Microalgae Cyanobacteria Macroalgae 


Chlamydomonas Nostoc muscorum Ulva rigida 
reinhardtii N. maculiform Caulerpa geminata 
Chlorella sp. N. paludosum Enteromorpha sp. 
Chlorococcum sp. Phormidium Gelidium sp. 
Scenedesmus angustissimum Kappaphycus sp. 
obliquus Spirulina Gigartina livida 

S. acuminatus fusiformis Saccharina latissima 
S. acutiformis S. maxima Sacchorhiza sp. 

S. acutus Synechococcus Laminaria hyperborea 
S. arcuatus sp Sargassum sp. 

S. armatus Alaria sp. 

Spirogyra sp. 

Oedogonium sp. 
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yield of ethanol can be obtained only if the biomass is 
degraded completely in which isolation and utilisation of 
region specific microbes with higher enzyme production 
potential are likely to play an active role (Fig. 3). 

Recent studies have focused on various groups of 
algae as potential feedstock for ethanol production. 
Common seaweeds such as Laminaria, Sargassum, 
Gelidium, Ulva, Saccorhiza etc. are being experimented in 
addition to seaweed wastes, especially the floating residue 
generated in alginate industries. Studies also indicate 
microalgae such as Chlorella vulgaris, Chlamydomonas and 
Scenedesmus obliquus as suitable substrates for bio-ethanol 
production (Table 1). 


Suitable Mass Cultivation Methods 

To be exploited in large scale bio-ethanol production, algal 
biomass should be available in plenty for which suitable 
mass cultivation methods are to be developed. Algae in 
common require suitable conditions for its growth such 
as sufficient light, temperature, carbon-dioxide, water and 
inorganic salts. Seaweeds either can be collected from the 
coastal areas as drift weeds or should be cultivated using 
various methods. For microalgae, large scale cultivation 
methods have to be standardised to grow them either 
in raceway ponds or photobioreactors. A few species of 
microalgae and seaweeds having specific requirements are 
now being intensively cultivated for various purposes. Spent 
algal biomass after the extraction of bioactive compounds 
and other economically valuable products can also be used 
for ethanol production after which the by-products derived 
can again be used in the production of compost, animal 
feed etc. Attempts are also being made to directly produce 
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ethanol from genetically engineered algal cells avoiding the 
conventional steps. However in addition to productivity, 
the cost involved also should be equal to or lower than any 
other available biomass. 

Fermentation of converted sugars to alcohol is being 
carried out along with saccharification (simultaneous 
saccharification and fermentation - SSF) or as separate 
hydrolysis and fermentation - SHF. A wide variety of 
micro organisms are used in ethanol production mainly 
to carry out fermentation including bacteria and yeast. 
Both terrestrial and marine yeasts have proved to be 
potential candidates for ethanol production as they could 
utilise cellulose substrates by growing at low pH with 
minimum nutritional requirements and higher resistance 
to contamination. Other than Saccharomyces cerevisiae, 
yeasts like Issatchenkia orientalis and Pichia sp., and bacteria 
like Escherichia coli, Zymomonas sp. and Klebsiella oxytoca 
are the common microorganisms which are able to utilise 
mannitol, glucose etc. and are therefore employed to 
produce ethanol. However, the process depends on factors 
such as the kind of pretreatment, fermentation time, pH, 
temperature, nutrient supplementation etc. 


Conclusions 

While utilisation of algal biomass for bio-ethanol 
production is an eco-friendly and sustainable approach 
for renewable bio-fuel production, the approach has its 
own inherent limitations. Future research in this area is 
wide open to various promising aspects such as isolation 
/ selection of potential algal strains, optimisation of 
their growth in various environments, optimisation of 
carbohydrate content in selected strains, tweaking the 
potential strains to increase the photosynthetic efficiency 
and adaptability either through conventional or modern 
biotechnological tools and identification of suitable 
microbes for effective break down of carbohydrates and 
improved fermentation. 

Identification of suitable biochemical triggers 
and environmental factors along with appropriate 
pretreatment methods and enhanced enzymatic hydrolysis 
followed by improved fermentation processes will help 
to obtain high ethanol yields from algae. India being 
rich in algal biodiversity and holding a massive potential 
for seaweed farming and microalgal cultivation with its 
abundant sunlight, can effectively exploit the potential 
of these renewable resources in the field of energy 
production. Moreover, the exceptional ability of algae 
to remediate waste water and to make use of flue gases 
if combined with energy generation and development 
of multiple products will prove to be an economically 
viable option. © 
The authors are Scientist (Algology) and Director (R&D), 


respectively, at Shri AMM Murugappa Chettiar Research Centre, 
Taramani, Chennai. Email: drbeenanair@gmail.com 
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HYDROGEN : FUEL 
FOR ENERGY SECURITY 








Hydrogen, a clean and economic fuel, is a renewable energy 
source, which is the pressing need of the present time. 
Surplus agricultural residue can be safely used to produce 
hydrogen which can open doors to a wide range of new energy 
technologies and policy options. 


RENU SINGH, ARTI BHATIA AND SAPNA TIWARI 


. uring the launch of National Action Plan on 
\Climate Change, the Prime Minister of India, 
| Dr. Manmohan Singh said "Our vision is to make 

India’s economic development energy-efficient. 
Over a period of time, we must pioneer a graduated shift 
from economic activity based on fossil fuels to one based 


| Renewable Energy 
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on non-fossil fuels and from reliance on non-renewable 
and depleting sources of energy to renewable sources 
of energy”. 

The need of the hour is very aptly conveyed by the 
Prime Minister. India is already on the world map as far as 
harnessing of renewable energy is concerned. The nation 
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Fig 2. Biodiesel plant installed at Energy Park, Raipur, 3000 LPD 


has a great success record in developing and exploiting 
wind energy, solar energy, biomass etc. The present article 
will dwell upon exploiting hydrogen energy from surplus 
agricultural residue which is one of the safest renewable 
energy sources in terms of emission. 

The biomass generated after the harvest of crop is 
useful for various agricultural and domestic purposes. A 
large amount of crop residue is being generated every 
year. It is estimated that about 600 million tonnes of crop 
residue is produced every year out of which about 150-200 
million tonnes is surplus. It is either ploughed back to the 
soil for enrichment or burnt in the fields that gives rise to 
serious environmental concerns. The leftover biomass can 
be diverted to biofuel generation in reactors (Fig. 1 & 2). 
The agricultural residues have good hydrogen production 
potential. Production of hydrogen from indigenous 
lignocellulosic biomass will stimulate new market for the 
agriculture sector, thereby increasing domestic employment 
while reducing deficits. It is also likely to create a large 
number of entrepreneurs that would lead to the overall 
socio-economic development of the nation. The surplus 
biomass which is otherwise a waste can be managed and 


It is estimated that about 600 
million tonnes of crop residue is 
produced every year out of which 
about 150-200 million tonnes is 
surplus. It is either ploughed back 
to the soil for enrichment or burnt 
in the fields that gives rise to 


serious environmental concerns. 
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utilised to generate wealth out of waste. The supply of 
different types of crop residues will provide a sustainable 
feedstock to the generation unit. However the biofuel 
market is relatively nascent but the rapid and widespread 
adoption of biomass and biofuel technologies is the signal 
of its mass acceptance. From a low carbon perspective, it is 
widely recognised that using cellulosic biomass is preferable 
to using growing dedicated crops such as maize to produce 
biofuel as harvesting and transporting the dedicated crops 
increases carbon dioxide emissions. The burning of crop 
residue results in perturbations to the regional atmospheric 
chemistry due to emissions such as CO2, CO, CH4, N20, 
NOx, NMHCs and aerosols that have a direct co-relation 
with climate change. 


Hydrogen: as a renewable energy source 

Due to global environment and national energy security 
considerations, non-polluting and renewable source of energy 
is required to be developed. Hydrogen is the cleanest fuel, 
produces only water after combustion without any emission 
of CO, CO2, hydrocarbons or solid residues such as soot or 
ash. Hydrogen has many applications in chemical industries 
and can be stored and transported from one place to another 
having high energy vield of 122kJ/g. It can be ignited easily 
and smoothly in practically all types of burners that can be 
installed for domestic or industrial purposes. Hydrogen is 
chiefly manufactured from fossils that is natural gas. About 
95 per cent of hydrogen comes from the carbonaceous raw 
materials. Out of this only a fraction is currently used for 
purpose of energy whereas rest of the stock is consumed 
in petrochemical, food, electronic and metallurgical 
processing industries. Hydrogen can be produced in a 
number of ways; these can be categorised as thermo- 
chemical and biological (Fig. 3). 


Thermo-chemical process 

Hydrogen can be obtained after the removal of methane and 
other non-hydrogen constituents from refinery gases or coke 
oven gas at low temperatures. Reforming of natural gas is the 
method of hydrogen production that is followed by water-gas 
shift reaction. The CO2 removal using physical or chemical 
adsorption techniques are the essential steps that have to be 
carried out. The following method is widely adopted: 


CH, +H:0 > CO + 3H 
CO + H20 > O2 + H: (water-gas shift reaction) 


The direct production of synthesis gas by the reaction of 
coal with oxygen and steam that has to be followed by water- 
gas shift and CO, removal process is another method of 
hydrogen production. 


3C + O2+ H20 > CO +H, 
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Fig 3. Thematic diagram of hydrogen production 
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digestion 












The partial oxidation of hydrocarbons also gives the way to 
the production of hydrogen. 


CH, + %2 O2 > CO + H; 


Biological process 

Water is an inexhaustible resource of planet earth that has 
the potential of hydrogen production through electrolysis. 
The electrolysis of water can be done by the application 
of microorganisms which can split the water molecule 
during photosynthesis known as photolysis of water. In 
this process, the chlorophyll present in the green leaves 
trap the solar energy in the form of photons, which is 
converted to the adensosine triphosphate (ATP). During 
the photosynthesis the water is subjected to the photolysis 
for the release of oxygen, electrons and hydrogen ions. This 
hydrogen ion is used to form the energy rich compounds 
such as glucose. With the application of hydrogenase 
and nitrogenase enzymes, this hydrogen ion (H+) can 
be converted to hydrogen gas (H2) which can be used 
as fuel (Fig. 4). 

Hydrogenase enzyme can be produced from microbes 
like Scenedesmus, Chlamydomonas, Dunaliella, Porphyridium, 
Chromatinum, Clostridium, Thiocapsa etc. They possess the 
enzyme, which helps the two electrons join hydrogen ions 
to produce one molecule of hydrogen gas. These microbes 
can also be used for the direct isolation of hydrogenase 
enzyme from chloroplast that liberates the hydrogen gas 
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in the solution, which can be collected easily. The purple 
bacteria such as Halobacterium can grow in saline water and 
oxygen poor environment. It utilises sunlight to produce 
ATP and is very efficient in the generation of hydrogen 
gas. Nitrogenase enzyme is mainly present in cynobacteria 
namely, Anabaena, Nostoc, Rivularia etc. Hydrogenase 
enzyme is more sensitive to oxygen that is produced 
during the photolysis of water than nitrogenase enzyme. 
The nitrogenase enzyme reduces nitrogen in to ammonia 
which leads to the release of hydrogen gas. However, 
the production of hydrogen fuel from biomass is in an early 
stage of development, therefore a large number of testing 
facilities for the potential of hydrogen production is needed. 

Hydrogen can also be produced from the organic 
waste. Biological hydrogen production by anaerobic mixed 
communities using digested municipal biosolids can also 
be done which is referred to as dark fermentation. The 


The production of hydrogen fuel 
from biomass is in its early stage 
of development. Therefore a 
large number of testing facilities 
for realising the potential of 
hydrogen production is needed. 
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Fig 4. Biological pathways for hydrogen production. 


theoretical maximum yield of hydrogen fermentation is 
reported to be four moles of hydrogen per mole of glucose 
or eight moles of hydrogen per mole of sucrose, if all of 
the substrate would be converted to acetic acid. A new 
fermentation process that converts negative-value organic 
waste into hydrogen rich gas has been developed by the 
Biotechnology Research Group at Iowa State University. 
The process employs compost, anaerobic digester sludge, 
soil etc. as mixed microbial cultures for the conversion to 
hydrogen rich gas. The hydrogen-producing bacteria such 
as Clostridia control the system for hydrogen gas production. 
This technology not only produces the cleanest fuel but also 
helps in the management of waste in a sustainable manner 
that provides energy security as well as takes care of the 
problem of pollution. 


Conclusion 

The application of fuel cells is gaining acceptance in the 
world of energy production due to its efficiency. In the 
production of biogas, bacteria convert organic matter to 
lower metabolites like organic acids, CO2 and hydrogen. This 
hydrogen is immediately consumed by the methanogenic 
bacteria and methane which is the final product. The 
decoupling of hydrogen production is possible from the 
methane production system by the prevention of the growth 
of methanogenic bacteria. It leads to the production of 
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organic matter to lower metabolites and the conversion of 
these metabolites to hydrogen. 

Hydrogen is an energy carrier with the potential to open 
doors to a wide range of new energy technologies and policy 
options. Fuel cells powered by hydrogen can achieve high 
efficiencies and have a variety of possible uses in mobile 
and stationary applications. In the right circumstances 
hydrogen and fuel cells technologies could make major 
contributions to the key policy objectives of energy security 
and mitigation of carbon dioxide emissions, especially in 
the transportation sector. Recent advances in hydrogen 
and fuel cell research and development have tremendously 
increased the interest of the international community 
towards these technologies which have the potential to 
create paradigm shifts in transport and power generation. 
There is a complex array of technologies and processes for 
hydrogen production, storage, transportation, distribution, 
different types of fuel cells, and other end use technologies. 
There is also a range of competing technologies with 
the potential to meet, at least in part, some of the policy 
objectives. These include biofuels and various forms of 
electric or hybrid vehicles. © 


The authors are Scientist, Senior Scientist and Senior Research 
Fellow, respectively, at Centre for Environment Science and Climate 
Resilient Agriculture, Indian Agricultural Research Institute, Pusa, 
New Delhi. Email: renu_icar@yahoo.com 
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~ Mega Solar Rooftop 
-= Programme in Tamil Nadu 


Special schemes in the construction of solar powered 
green houses and solar street lighting in villages are being 
implemented by Tamil Nadu from 2011-12, besides, 3 lakh 

solar powered houses and 1 lakh solar powered street lights is 
targeted for the period of 5 years up to 2015-16. 
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he Government of Tamil Nadu has launched the 

country’s largest solar roof top programme under 

Chief Minister’s Solar Powered Green House 

Scheme. The Scheme plans to cover around 60,000 
houses per year with solar powered lights for the benefit 
of the rural poor thus, envisaging to achieve around 3 lakh 
houses over a period of 5 years from 2011-12 to 2015-16. 
Solar lighting systems consisting of 100 W solar PV panel 
and 5 nos. CFLs each of 9 W were installed for the year 
2011-12 at an estimated cost of Rs. 180 crore including 
financial assistance of Rs. 42.6 crore from Ministry of New 
and Renewable Energy (MNRE). One lakh street lights in 
villages are targeted over a period of 5 years upto 2016. For 
the year 2011-12, 20,000 street lights have been taken up 
at an estimated cost of Rs. 50.5 crore including financial 
assistance of Rs. 8.1 crore from MNRE. 

These CFLs can be operated for 5 hours per day. The 
solar home lighting system has an innovative design having 
storage for one day with provision for a grid backup. The 
Smart Hybrid Power Conditioning Unit in the system 
allows charging of battery from the grid, during rainy or 
cloudy days, when solar power is not sufficient to charge the 
battery in full. The intelligent algorithm permits charging 
from grid only between 10 am and 6 pm. This has been done 
to prevent charging during the night (which would leave 
battery in full condition when the sun comes out in the 
morning) and has also excluded charging during morning 
peak. Reduction in autonomy has resulted in considerable 
reduction in capital investment on additional battery and 
solar PV panel capacity required for higher autonomy 
(usually 3 day autonomy is provided). Since Tamil Nadu has 
more than 320 sunny days, no autonomy is provided. 

Third party agencies have been appointed for 1 per cent 
sample pre-dispatch inspection (PDI) at factories and 100 
per cent post installation inspection and certification. The 
entire project runs on acomprehensive enterprise resource 
planning (ERP) system. Manufacturers submit the lots 
online through their login, PDI agency login and receive the 
random sample numbers of the components to be inspected 
and then submit inspection report. Similarly installation 
report is submitted online by the vendors which enables 
third party inspection (TPI) agency to inspect and submit 
its report online. All reports are processed automatically by 
ERP for acceptance or rejection. The district engineers of 
Tamil Nadu Energy Development Agency (TEDA) then do 
super-check inspections of the 5 per cent random numbers 
generated by ERP. Payment is automatically made for each 
batch of 60 installations. 

A state of the art call centre is being established for 
receiving the complaints and monitoring rectification by 
the suppliers. Vendors selected are Tata Power Solar and 
Shandong. PDI agency is QSS and TPI agencies are TUV 
and SGS. Proposal for LED based DC SPV home lights 
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Fig 2. Solar PV panel used for powering homes in Tamil Nadu 


instead of CFL based AC system is under consideration in 
the forthcoming years. Under this scheme roof top solar 
PV modules totalling to 20-30 MW would be installed in 
5 years. 

The government of Tamil Nadu has also launched the 
unique scheme of energising existing street lights with solar 
power in clusters through centralised solar power plants 
(Fig. 1). This is first of its kind in the country, as the existing 
street lights so far powered from grid supply are powered 
from solar energy in clusters of 10 with provision for grid 
backup. The existing street lights with 40 W tube lights and 
filament lamps are replaced with 20 W LED lights. Similar 
to home lights, the smart power conditioning unit in the 
system allows charging of battery from the grid. 

Remote monitoring unit is provided in each power 
plant for monitoring the performance of the street lights 
from the office of TEDA as well as from each district 
(Fig. 2). Daily fault report is generated and sent to the 
supplier for rectification within two days. Tampering of 
panel, battery and inverter housing is also monitored 
through tamper alarm and sms. The street lights are 
dimmed to one third of full brightness from 10 pm to 5 am 
to save energy. 

The system comes with a 5 year replacement warranty 
(20 years for SPV panel) and is maintained by the suppliers 
for 5 years. Monthly servicing is mandated. Vendors 
selected are Tata Power Solar and Sukam. The PDI agency 
is QSS and Remote Monitoring and TPI Agency is Salzer. © 


The author is Deputy Senior Manager, Tamil Nadu Energy 
Development Agency (TEDA), Chennai. 
Email: renukadsm@gmail.com 
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SOLAR PV - CAN PRICES 
GO DOWN FURTHER? 





The last few years have seen a drastic reduction in the prices of solar 

PV systems due to the global industry dynamics. Are these price drops 

sustainable? Can investors and developers base their decisions on the 
assumption that solar PV prices will continue to fall? 


MADHAVAN NAMPOOTHIRI 


n July 2012, India became one of the few countries 

outside Europe to install more than 1 GW of solar 

power projects. India installed most of these project in 

less than two years — in December 2010, the cumulative 
installed capacity of solar was less than 10 MW. This 
remarkable success of solar in India can be attributed to 
the Ministry of New and Renewable Energy(MNRE) and 
the state of Gujarat. MNRE, through its flagship solar 
programme - the Jawaharlal Nehru National Solar Mission 
(JNNSM) - allotted more than 1000 MW of solar projects 
(photovoltaics and concentrating solar power) during the 
first phase of the Mission. Similarly, Gujarat also signed 
Power Purchase Agreements (PPAs) for about 1000 MW in 
2010-11. 

While the policy and regulatory environment played a 
critical role in the ramping up of solar capacity in India, 
the impact of the sharp reduction of prices of solar systems, 
especially solar PV systems which have fallen by more than 
40 per cent in the last three years, cannot be overlooked. 
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The critical question is, will the price of solar PV continue 
to drop or will they start increasing from now on? 


Solar PV price drop — the factors 

Solar PV prices dropped significantly in the last three 
years primarily due to the rapid changes in the global solar 
markets. In particular, the price reduction can be attributed 
to demand and supply imbalance and the global recession. 


Excess Supply and Recession of 2008 - Supported by 
attractive feed-in-tariffs in Spain and Germany, there was 
a huge demand for solar PV till 2008. But during the same 
period, polysilicon, the raw material for crystalline silicon 
PV modules, was in short supply. In order to address this 
shortage of solar PV materials, most existing and new PV 
companies started adding a large amount of production 
capacity in all parts of the value chain. Chinese companies 
built massive production capacities that were also 
vertically integrated. The scale and the vertical integration 


Fig 1. 5 kW Power plant at Koori Rawana, 
District Moradabad, Uttar Pradesh 
installed under the JNNSM 
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Fig 2. 5 MW grid connected Solar PV plant near Jodhpur, Rajasthan 


of these Chinese companies helped them reduce the prices 
tremendously. In the meantime, the recession of 2008 
caused a crash in the polysilicon prices. The prices fell from 
about 350 USD/kg in 2008 to about 20 USD/kg during the 
mid-2012. This drop in polysilicon prices caused the price 
of c-si modules to drop by more than 50 per cent. These 
two drivers — massive production capacity build-up and 
crash in input costs (of polysilicon) — resulted in huge price 
drops of solar PV. 


Drop in demand - After the recession in 2008, Spain put 
an end to its feed in tariff (FiT) and many other countries 
such as France followed it. Even though Germany and 
Italy periodically reduced their FiTs, the drop in module 
prices made the solar PV projects financially attractive till 
end of 2011. However, after the revision of FiT by Germany 
effective from January 2012, the demand for solar PV fell 
drastically. The mismatch in supply and demand caused 
by the above factors and the crash in prices led many 
solar PV manufacturers to either go bankrupt or to opt for 
restructuring. Significant amount of solar PV inventory had 
to be liquidated by selling them at a loss. 

The drop in solar PV prices globally had an impact 


Solar PV prices dropped 
significantly in the last three 
years primarily due to the rapid 
changes in the global solar 
markets. In particular, the price 
reduction can be attributed to 
demand and supply imbalance 
and the global recession. 
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on the solar PV projects in India as weil. The Central 
Electricity Regulatory Commission (CERC) notifies the 
benchmark capital costs for solar PV every year. The 
benchmark cost for the most recent 4 years is given in 
Fig. 3. It can be seen from the Fig. 3 that the system price 
has dropped by 41 per cent (Rs. 17 crores/MW to Rs. 10 
crores/MW) during the period 2009-10 to 2012-13. 

The most striking result of this price reduction has 
been the tariff realisation achieved during the JNNSM 
reverse bidding. In the first batch of the Phase 1 of the 
JNNSM, the CERC had set a reference price of Rs. 17.91/ 
kW. However, the average tariff realised was much lower 
at an average price of Rs. 11.8/kW. The situation became 
even more interesting in the second round. As against a 
reference price of Rs. 15.39/kW, the average tariff realised 
was about Rs. 8.80/kW. The lowest price was about Rs. 7.49/ 
kW, which is a drop of over 50 per cent from the CERC 
price of Rs. 17.91/kW within a span of less than two years. 


System cost - system components - cost 
breakdown 

At the time of writing, several project developers have been 
able to execute projects at less than Rs. 8 crores/MW. For 
the purpose of this analysis, only numbers provided by 
CERC will be used. From the data given in the Table 1, it can 
be observed that even though price of the system has been 
dropping, not all of the individual components are seeing 
reduction in prices. While solar PV module and inverter prices 
have dropped, the prices of almost every other component 
have remained stable or have increased. Why is this happening 
and what are the implications? Let us examine these in some 
more detail. 


Modules 
The price of modules has seen the biggest drop. From about 
2 USD/W in early 2011, the module price has dropped by 
about 60 per cent to 0.80 USD/W in mid-2012. This can 
be attributed to the excess supply of solar PV modules 
mentioned earlier. However, we do not expect it to fall 
further because: 
= Consolidation of the industry is leading to a reduction in 
production capacity, and 
» Tightening of input costs (cells and other materials). 

The share of module in the system price has dropped to 
about 45 per cent from earlier 60 per cent. 
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Fig 3. PV system cost (crores/MW) 





Table 1. Some of the major components of a PV system and their 
benchmark cost breakdown per MW as provided by CERC 


Particulars 2010-1 | 


PV Modules 9.15 8.33 4.94 
Land Cost 0.05 0.15 0.16 
Civil and General Works 0.90 0.95 0.90 
Mounting Structures 0.80 1.05 1.00 
Power Conditioning Units/ 

i ccirtare 1.80 1.60 0.98 
Evacuation Cost upto Inter- 

connection Point (cables and 0.85 0.90 1.00 
transformers) 

Preliminary and Pre-operative 

Expenses Including IDC and 1.65 1.44 0.8 
Contingency 

Total (crores/MW) 15.20 14.42 ™40 (9.78) 


Inverters 

Inverter prices saw drops of about 50 per cent from 0.36 
USD/W in 2009 to about 0.18 USD/W in mid-2012. The 
demand-supply dynamics for inverters were quite different 
from the modules segment. In 2010, inverters were in short 
supply and the average delivery times were about 6 months. 
As a result, price of inverters increased during this period. 
However, 2011 saw an oversupply of inverters in the market 
and subsequently the price of inverters also dropped. The 
situation is expected to linger in 2012. 

Unlike solar PV module segment where Chinese 
companies have more than 50 per cent of market share, 
there are very few Chinese suppliers of top tier inverters. 
According to IMS Research, Chinese companies accounted 
for less than 3 per cent of inverter revenues in 2010. Due 
to this situation, non-Chinese inverter companies have 
been making healthy profits. This also means that the 
inverter companies have the time and money to come up 
with technology improvements and cost reductions. Due to 
the dynamics mentioned above, it is expected that inverter 
prices will come down further in the next few years. 


Materials 

One of the major costs associated with a solar PV project 
are the mounting structures and electrical cables. While 
the mounting structures are made of galvanised steel or 
aluminium, electrical cables are made of either aluminium or 
copper. Cement concrete mixture is also used for mounting 
structures and for other civil works like foundations for 
control room, transformer stations and office blocks. All the 
materials used above are commodities and are also used in 
other growth sectors like construction, heavy industries and 
several other industries. The demand from these sectors 
is tied to the macroeconomic conditions and as the global 
economy continues to slowly grow, the prices of these 
materials are expected to escalate over the next few years. 
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Evacuation 

Most of the materials/equipment used in solar PV 
projects are also used in other segments like wind and 
conventional power plants. Since these equipment are 
highly standardised, there is not enough room for price 
reductions. In fact, the prices are expected to go up in line 
with the general inflation. 


Civil and other works 

Cost of civil and other works (laying roads, earth moving, 
civil work for mounting structures, etc) has been 
relatively stable and have been increasing as per the 
general inflation. There is a significant labour component 
in the civil works and it is quite likely that the cost of the 
civil works will only go up, unless significant amount of 
automation is adapted. 


Land 

The land cost is currently a very small percentage of the 
total project cost and naturally does not have a huge impact 
on the returns of the project. But land prices have seen big 
increases in places which have good solar irradiation. In 
the future, it is quite likely that availability of cheap land 
might become a challenge. 


Pre-operative expenses 

The pre-operative expenses include cost of contingency, 
insurance, project management costs and other similar 
expenses. With the increase in knowledge in solar power 
plant construction, the pre-operative expenses have been 
reducing quite significantly. However, it is unlikely that the 
pre-operative expenses will go down further. It could either 
increase or remain stable. 


Conclusion 

The Solar PV capital costs have been reducing drastically 
over the last few years, thereby bringing solar closer to the 
traditional fuel sources. The increased affordability of solar 
has helped the penetration of this renewable energy source 
in almost every part of the world, including India. However, 
it is quite likely that the Solar PV capital cost has hit the 
bottom. Solar PV module prices are likely to remain stable 
at the current price levels for the medium term, while 
inverter prices could go down further. But the decrease 
in inverter prices will be negated by the increase in prices 
of other balance of system (BOS) components like steel, 
electrical equipment, cables and other services. However, a 
major technological breakthrough - increased efficiencies 
of modules, inverter technology or other aspects of the 
system — has the potential to completely change this. So, we 
need to work towards developing solutions that are suited 
to Indian conditions. © 


The author is Founder and Director, RESolve Energy Consultants, 
Chennai. Email: madhavan@re-solve.in 
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Boon for Rural Areas 


Economic development in rural areas of the country, especially 
the tribal zones, can be augmented by developing sustainable 
energy sources. For instance, waste land utilisation with the 
plantation of Jatropha generates employment along with the 
production of non-edible oil seeds, oil and biodiesel. 
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large part of India’s population, mostly in rural 
areas are still deprived of energy services. Lack of 
access to affordable energy services among the 
‘ural population seriously affects their chances 
of benefiting from economic development and improved 
living standards. In India around 95,000 villages are not 
connected to the power grid. Out of these, 18,000 villages are 
unlikely to ever have access to the national grid due to their 
remote location. For these communities, renewable energy 
technologies are viable as they provide sustainable energy 
services. In the long-term, these eco-friendly and sustainable 
energy sources will help meet the energy requirements of 
the large rural population of India (www.undp.org, 2009). 
Energy demand is directly linked to improvement of 
social well being. Greater and easy access to energy services 
can reduce the time spent by women and children on basic 
survival activities like gathering firewood, fetching water, 
cooking etc. Reduction in indoor pollution caused by 
firewood use, together with a reduction in deforestation is 
the added benefit of renewable energy usage. Moreover it 
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is closely linked to poverty reductions of rural population. 
Biofuel programme that develops energy from raw material 
grown in rural areas will go a long way in providing energy 
security to the rural people. 

Among renewable energy sources biofuel has a big share 
in rural areas. Biofuels are defined as fuels derived from 
biomass (i.e., matter of a biological origin). Biofuels can be 
further sub-divided by type into solid, liquid or gas. Biodiesel 
is liquid biofuel, which consists of long-chain alkyl (methyl 
or ethyl) esters. Biodiesel is normally made by chemically 
reacting lipids (e.g., vegetable oil, animal fat -tallow) with 
an alcohol. The main commodity sources of biodiesel in 
India are non-edible oils obtained from plant species such as 
Jatropha curcas, Pongamia pinnata, etc. Biodiesel can be used in 
standard diesel engines as such and is thus distinct from the 
vegetable and waste oils used to fuel converted diesel engines. 
Biodiesel can be used alone, or as blended biodiesel, which is 
gaining importance due to its economic and environmental 
viability. It is free from air pollutants such as particulates, 
carbon monoxides, hydrocarbons and toxic lead. Using 
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Fig 1. Jatropha plantation, Chhattisgarh 
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Fig 2. Jatropha seeds, Chhattisgarh 


biodiesel is one of the options for mitigating climate change 
problems. Therefore developed and developing countries 
are promoting biodiesel which can serve as an alternative to 
petro-diesel; it can thus be well utilised as transport fuel and 
in other application sectors where petro-diesel has the lion’s 
share. It can be used in generators for power generation or 
used for running irrigation pumps. In remote rural areas 
where there is no petro-diesel outlets people can make 
their own diesel with little effort. Biofuels crops are typically 
grown on wastelands (Fig. 1). 


Employment Opportunity 

Cultivation of Jatropha crop in waste and marginal land of 
one hectare generates around 300 man days employment 
opportunity. Jatropha initially needs to be pruned 
often to establish higher yields and harvested manually 
(Fig. 4). It also requires pesticide application and weeding 
at regular intervals and the labour requirement during 
its establishment is high. This labour requirement may 
contribute greatly to rural employment. The processing 
of the non-edible oilseeds is done in simple oil mills, oil 
expellers and solvent extractors, which are well established 
in villages. By increasing the production of non-edible 
biodiesel oilseeds (Fig. 2) rural employment will also 
be increased as these small scale, highly decentralised 
production facilities will align together giving rise to 
an industry. 


The biofuel programme has 
created a large demand for 
Jatropha seeds which has 
encouraged small and big traders 
of rural India to enter in this 


specified area of business. 
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Increase in Rural Income 

In order to increase the production of Jatropha, the 
Government of India has started purchasing Jatropha 
seeds which is not only increasing the area under wasteland 
cultivation, but at the same time augmenting the income 
of the farmer. The biofuel programme has created a large 
demand for Jatropha seeds which has encouraged the small 
and big traders of rural regions to enter in this specified 
area of business. The Government has also decided to fix 
the minimum support price for it. 


Biomass 

Prior to the industrial revolution, biomass satisfied almost all 
the energy needs of humans across the globe. The burning of 
wood and charcoal supplied energy for heating and cooking 
in homes. With the advent of coal and petroleum in the 
middle and late 19th century, respectively, the developed 
world rapidly moved away from the use of biomass tor 
almost all end uses - household, commercial, industrial and 
transportation applications. Today there is gradual decline 
in fossil fuel usage leading to a search for renewable sources 
of energy. In this respect waste biomass proves to be a good 
source of energy. In fact the Jatropha fruits after removing 
seeds for oil extraction can provide 4200K cal of energy. 


Availability of Organic Manure 

After extracting the oil, as much as 60-70 per cent of the 
non-edible oilseeds depending upon the sophistication of 
the extraction process, is in cake form and is used as organic 
fertiliser by the farmers. The oil cake is full of nitrogen and is 
therefore highly beneficial in enriching the soil for farming. 
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Fig 3. Jatropha biodiesel production 
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As the oil extraction facilities require only small-scale 
investment and are spread in rural areas, the farmers will be 
greatly benefited as they can fetch the oil-cakes without a 
long-distance transport cost. 


Biogas 

After getting 60 to 70 per cent of the oil from the seeds, 
balance yield can be a major byproduct for biogas production. 
It is found that 1 kg of cake produces 0.5 m? of gas, which is 
almost six times the gas produced by 1 kg of cow dung. Slurry 
from bio gas plant can further be processed as rich organic 
manure which can provide a major substitute to chemical 
fertilisers and pesticides. 


About 155 million acres of 
wasteland is available for 
development in India. By proper 
propagation and cultivation 

of high yielding varieties of 
Jatropha the backward and 
poor areas of our nation can be 
developed within a decade. 
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Fig 4. Workers in the process of collection of Jatropha seeds, Chhattisgarh 
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Bio-Energy 

Bio-diesel, a renewable source of energy offers a great 
potential to ease and supplement supplies of fossil fuel. 
Jatropha is one of the best alternative sources available for 
bio-diesel production and its potential needs to be explored. 
It is estimated that a plantation over 10 lakh hectares will 
produce 400 MW electricity, 21000 lakh cu m biogas and 20 
lakh tonnes of biodiesel. 

Conclusion 

Jatropha and biodiesel project has many socio-economic 
benefits. Because the biofuel industry intrinsically 
involves rural populace - it has the potential to change 
the scenario of the villages making it eco-friendly and 
prosperous. As per surveys about 155 million acres of 
wasteland is available for development in India. By proper 
propagation and cultivation of high yielding varieties of 
Jatropha and utilising the same for establishment of agro- 
industry units, generation of employment and producing 
biodiesel our nation can change these backward and 
poor areas into prosperous and developing areas within 
a decade. © 


The author is Principal Scientific Officer, Chhattisgarh Biofuel 
Development Authority (CBDA), Raipur, Chhattisgarh 
Email: preeti_kaur97@rediffmail.com 
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ASEAN-INDIA 





MINISTERIAL MEETING ON 
RENEWABLE ENERGY 





Underlining the significance of renewable energy at the ASEAN-India 
ministerial meeting, participating stakeholders reiterated the need for 
development and deployment of renewable energy sources. 
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H.E. Dato Peter Chin Fah Kui, Minister of Energy, Green Technology & Water, Malaysia lighting the lamp, Dr. Farooq Abdullah, Minister of 
New and Renewable Energy, Government of India (extreme right) looking on at the presence of H.E. Dr. Lim Hong Hin Deputy Secretary- 
General of ASEAN (extreme left) and H.E. Pehin Dato Mohammad Yasmin Umar, Minister of Energy, Brunei Darussalam (3rd from right) 


n the completion of twenty 

years of ASEAN-India 

partnership, the Ministry of 
New and Renewable Energy (MNRE), 
Government of India organised 
the first ASEAN - India Ministerial 
meeting on Renewable Energy on 
7th November 2012 in New Delhi. Dr. 
Farooq Abdullah, Hon'ble Minister 
of MNRE presided over the meeting 
and it was co-chaired by the head 
of Delegation of Cambodia, who is 
currently the chairperson of ASEAN 
countries. Shri Gireesh Pradhan, 
Secretary in the MNRE welcomed the 
Ministers from ASEAN countries. Dr. 
Farooq Abdullah who perceived this 
meeting as a unique opportunity to 
catalyse the India-ASEAN renewable 
energy cooperation, underlined the 
importance of renewable energy in 
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India’s energy security, for achieving 
its goal of providing reliable energy 
supply and access through a diverse 
and sustainable energy mix. He stated 
that ASEAN member countries and 
India have several commonalities in 
their quest for targeting renewable 
energy. Globally, renewable energy has 
started making a positive impact on 
energy supply. The Global Renewable 
Energy Status Report 2012 reveals that 
renewable energy has grown to supply 
16.7 per cent of the global final energy 
consumption. 

Dr. Faroog Abdullah stated that 
today India stands among the top five 
countries of the world in terms of 
renewable energy installed capacity 
and at present renewable power, 
with over 26 GW installed capacity, 
represents about 12.5 per cent of 


the total installed power generation 
capacity in India. He further added 
that India aims to achieve about 55 
GW of renewable power by 2017. 
India’s renewable energy programme 
is primarily private sector driven 
and offers significant investment and 
business opportunities, he said. The 
Minister informed that the investment 
in renewable energy in India has now 
exceeded 10 billion USD per year. 
This was the first meeting between 
the ministers of ASEAN countries and 
MNRE, which was a good beginning 
to explore new horizons and new 
pathways to cooperation and new 
solutions to existing challenges. It 
aimed at fostering greater dialogue, 
greater sharing and increased 
interactions at institutional as well as 
industry level anong ASEAN countries 
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Dr. Farooq Abdullah (centre) Minister of New and Renewable Energy, Government of India along with other delegates of the ASEAN countries 


and India. Dr. Abdullah, envisioned 
that every citizen of ASEAN-India 
region should have access to clean, 
reliable and affordable energy. Some 
of the main issues that came up during 
the discussion included financing 
renewable energy, cooperation in 
research and development, technology 
transfer etc. 

The meeting was attended by H. 
E. Pehin Dato Mohammad Yasmin 
Umar, Minister of Energy, Brunei 
Darussalam, H.E Dato Peter Chin 
Fah Kui, Minister of Energy, Green 
Technology and Water, Malaysia and 
H. E. Tran Quoc Khanh, Vice Minister 
of MOIT, Vietnam. Respective 
ambassadors and high commissioners 
headed the other delegations from 
various countries. The ministers of 
ASEAN member countries presented 
the current status of renewable energy 
utilisation in their respective country 
and all of them reiterated the need 
for augmenting renewable energy 
applications in view of ensuing needs 
and to curb green house gas emissions. 
Many delegates sought cooperation 
in solar, wind, biomass, small hydro 
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technologies including capacity 
building from India. 

At the end the Chairman’s 
Statement on joint cooperation for 
renewable energy applications was 
adopted by the ministers and heads 
of delegations of ASEAN countries 
and India. Prior to this meeting, 
the MNRE organised an ‘ASEAN- 
India Workshop on Cooperation 
in Renewable Energy’ participated 
by experts and policy planners 
from ASEAN countries and India 
on 5-6 November 2012 at Vigyan 
Bhavan, New Delhi. Shri Gireesh 
Pradhan inaugurated the Workshop, 
which mainly focused on sharing 
of experience among participating 
countries on the development and 
deployment of renewable energy, 
and to identify the institutions for 
establishing long-term cooperation 
between institutions in India and 
ASEAN countries. The Workshop was 
attended by 17 participants from 8 
ASEAN member countries with over 
170 delegates from all over India and 
from different streams of renewable 
energy. Over 30 experts made their 


presentations on the subjects of wind, 
solar PV, solar thermal, bio-energy, 
renewable energy resource assessment 
techniques, off-grid applications and 
micro-grid for rural electrification. 
The major areas of cooperation 
that emerged during the workshop 
included experience sharing in 
renewable energy resource assessment 
using GIS and remote sensing 
technologies, sharing of renewable 
energy equipment calibration 
and testing facilities, protocol and 
evaluation methods, standards and 
certification procedures, off-shore 
power supply and transmission 
technology utilising wind and ocean 
technologies, regional network on 
R&D on renewable energy technology 
facilitating sharing of best practices 
and lessons learnt, exchange of 
ideas for providing energy access to 
rural population through promotion 
of micro-grids/off-grids based on 
renewable technologies and sharing of 
experience in financing of renewable 
energy projects. © 


Source: Ministry of New and Renewable 
Energy, Government of India. 
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India Trade Promotion Organisation organised the 32nd 
edition of its popular annual event, the India International 
Trade Fair, at Pragati Maidan, New Delhi from 14 to 27 
November, 2012, where the exhibition of the Ministry of New 
and Renewable Energy proved to be grand crowd puller with 
hundreds visiting it on a daily basis. 
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ndia’s International Trade 

Fair is the largest integrated 

trade fair with business- 
to-business and business to 
consumer components. It presents 
a complete range of products 
from diverse sectors from major 
manufacturers to small and 
medium enterprises. It has a large 
participation of international 
exhibitors. It is one of the largest 
trade fairs in the world both in 
terms of exhibitors and visitors’ 
participation and has evolved 
its unique character as an iconic 
national event. The Ministry of 
New and Renewable Energy’s 
(MNRE) stall at the International 


Trade Fair has become a centre of 
attraction during the exhibition. 
The stall was used to disseminate 
information on ways of generating 
renewable energy and its allied 
benefits were also outlined. Live 
demonstrations were staged that 
generated a lot of interest among 
the young and the old, alike. Many 
asked about the Akshay Urja shops 
and outlets where appliances 
could be purchased. Relevant 
brochures and materials were 
handed over to interested persons. 
With a persistent yearly increase 
in development of renewable 
energy the interest in the sector 
was palpable. A lot of industries 
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dealing with renewable energy 
also made their presence felt at 
the Trade Fair 2012. Over half a 
million people visited the MNRE 
Pavillion in India International 
Trade Fair. The display of various 
renewable energy system and 
equipments were the major 
attraction for the people. Many 
people booked the solar water 
heater at the exhibition. Also 
many dignitaries visited the 
MNRE Pavillion. The MNRE is 
the nodal agency in the country 
on matters related to renewable 
energy and has incorporated the 
latter as an essential component of 
India’s energy policies. 
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A NATIONAL 
MEET ON SOLAR CITIES 





In an effort to minimise dependency on fossil fuels the Ministry of 
New and Renewable Energy organised a one day meet focusing on 
enhancing solar energy for power generation needs. 








Cities’ was inaugurated by Shri 
ireesh B Pradhan, Secretary, 
Ministry of New and Renewable 
Energy (MNRE) on 22 November 
2012, at India International Centre, 
Max Mueller Marg, New Delhi. In 
his address the Secretary urged the 
Municipal Corporations to enhance 
the use of renewable energy in their 


areas and save fossil fuel based energy. 
To achieve this, he added that building 


bye-laws could be amended suitably, 
to promote the solar water heaters, 
solar SPV rooftop systems, kitchen 
waste based plants in the various 
establishments of the city. Smt. Nisha 
Singh, Joint Secretary, Ministry of 
Urban Development, emphasised the 
need for the concerned Ministries to 


work in coordination with each other 


Shri Tarun Kapoor, Joint Secretary, 
MNRE welcomed the participants 
and mentioned that the 28 master 
plans approved by MNRE have 
city specific innovative renewable 
contents/ projects along with the 
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day long ‘National Meet on Solar 


energy efficiency and green building 
strategies. The master plans have 
estimated that substantial amount of 
funds is required for achieving the 
goal. He suggested that the source of 
funding could be MNRE, local bodies. 
state govt., users, loan from banks/ 
financial institutions etc. Dr. Arun K 
Tripathi, Director, MNRE presented 
an Overview on development of 
solar cities programme and invited 
proposals on renewable energy 
applications from the solar cities. 
About 150 participants were 
present in the day long event 
including representatives of municipal 
corporations, construction companies, 
financial institutions, international 
agencies, manufacturing companies, 
investment institutions, technology 
companies and state nodal agencies, 
banks etc. The aim of this meet was 
to discuss the ‘way forward’ for the 
execution of renewable energy or 
energy efficiency related projects 
in solar cities. The Municipal 
Commissioners of Thane, Shimla 


and Mysore actively participated in 
the event. A panel discussion was 
held on the topic ‘Way forward for 
Implementation and Financing 
of Solar Cities’. Shri R. A. Rajeev, 
Municipal Commissioner, Thane, 
chaired the panel and Mr. Arunabha 
Ghosh moderated the discussion. 

The Ministry is implementing a 
Scheme on ‘Development of Solar 
Cities’ which provides support to 60 
cities to develop them as solar cities. 
So far, the Ministry has approved 41 
cities for developing as solar cities. 
Four Cities viz. Gandhinagar, Nagpur, 
Chandigarh and Mysore are being 
developed as Model Solar Cities. 

The financial support upto 
Rs. 9.50 crore is provided for each 
Model Solar City and the equal 
amount is provided by the municipal 
corporation/city administration /state 
or any other source including public 
private partnership for installation of 
renewable energy projects/system. 
Agartala, Rajkot, Shimla, Faridabad, 
Thane, Shirdi, Leh and Amritsar are 
being developed as Pilot Solar Cities. 
The financial support upto Rs. 2.50 
crores to be provided by MNRE to 
each Pilot Solar City and the equal 
amount will be given by the municipal 
corporation/city administration/ 
state or any other resources including 
public private partnership for 
installation of renewable energy 
projects/systems. These solar cities 
have helped in motivating the 
municipal corporations to promote 
renewable energy projects and systems 
in their respected cities. © 
Source: Ministry of New and Renewable 
Energy. 


Tech Update 


FABRIC CLEANED BY THE SUN 





Self cleaning fabrics are based on very thin transparent coating of nano 
titanium dioxide particles on textile substrates such as cotton, 
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Fig 1. Self cleaning mechanism of cotton fabric with titanium dioxide nanoparticles 


he Textile Department of 
Pe Institute of Technology 

(IIT), Delhi, has successfully 
developed a self cleaning fabric by 
mimicking the lotus leaf effect. Such 
fabrics show superhydrophobicity 
which is developed using deposition 
of nanosilica particles and a fine 
coating of low surface energy 
textile water repellent finish. Dr 
John Xin and Dr Walid Daoud 
of the Hong Kong Polytechnic 
University’s Nanotechnology 
Centre for Functional and Intelligent 
Textiles and Apparel developed and 
reported this process for the first 
time in 2004. 

The self cleaning fabrics 

property is due to photocatalytic 
properties imparted to the fabric 
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by 'anatase' nanocrystalline form 
titanium dioxide (TiO2) nanoparticles 
(about 20 nm in size). The coated 
fabrics show discolouration of red 
wine coffee stains on irradiation of 
coated cotton samples in a sun test 
solar simulator. 

The photocatalytic activity of 
semiconductor oxides such as TiO2 
is attributed to promotion of an 
electron from the valance band to 
the conduction band brought about 
by the absorption of a photon of 
ultra band gap (“3.2 eV) light whose 
energy (hv) is greater than the energy 
difference between electrons in the 
valance and the conduction band. 
When photons of sunlight hit the 
layer of titanium dioxide nanoparticles 
deposited on the cotton fabric, 





Dirt molecules 


electrons are excited up to the 
conduction band and react with 
oxygen molecules in the air 

(Fig. 1). The double bond of the 
oxygen molecule is broken and in 
presence of oxygen and/or water, 
super-oxide (O2) and/or hydroxyl 
(OH) radicals are formed, which 
attack adsorbed organic species such 
as Stains or dirt on the surfaces of 
titanium dioxide nanoparticles layers 
deposited on the cotton fabric and 
decompose them. The nano titania/ 
nano zinc oxide coating on fabrics 

is also a promising process for use 
as an antibacterial and UV blocking 
agent in the textile industry. © 
Courtesy, Dr. Mangala Joshi, Professor, 


Department of Textile Technology, IIT Delhi, 
India. Email: mangala@textile.iitd.ac.in 
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Web/Book Alert 






website 


NJ Clean Energy 
Programme 
www.njcleanenergy.com 

New Jersey’s Clean Energy 
Programme (NJCEP) promotes 
increased energy efficiency and 
the use of clean, renewable 
sources of energy including solar, 
wind, geothermal, and sustainable 
biomass. NJCEP offers financial 
incentives, programmes, and 
services for residential, 
commercial, and municipal 
customers. 


The Clean Revolution 
thecleanrevolution.org 

The Clean Revolution is a 
partnership of international 
statesmen and governments, 
business leaders and corporations, 
thinkers and opinion formers. 

It is coordinated by The Climate 
Group. It calls for a swift, massive 
scale-up of clean energy and 
infrastructure and of smart 
technologies and design. They 
believe that this is the only feasible 
path to a smarter, better, more 
prosperous future. The initiative 
aims to create a tipping point for 
change by inspiring government 
and business leaders. It presents 
them with the evidence of the 
economic opportunities of the 
Clean Revolution and profiles how 
innovative leadership is already 
transforming policies and markets 
around the world. 


Calco Green 
www.calcogreen.com 

CalcoGreen is a renewable energy 
and energy efficiency solutions 
company focused on providing 
shared energy savings for energy 
efficiency projects, short term 
bridge funding, and finance 
consulting to clean energy 
developers, capital sources, 
contractors, engineers, 
manufacturers, companies, and 
organisations, that subscribe to the 
CalcoGreenEdge service. 
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Iransmission Expansion 
for Renewable Energy 
Scale-| ip 








his report reviews emerging 
approaches being 
undertaken by transmission 


utilities and regulators to cope 
with the challenges of expanding 


transmission for renewable energy 


scale-up. Proactive planning 
and regulating transmission 
networks are emerging as the 


Renewable Energy 
Policy Convergence 
in the EU 

By: David Jacobs 
Hardcover: 294 Pages 
Cost: 99.95 USD 
Publisher: Ashgate 
Pub Co (July 28, 2012) 

Email : ashgate.online@ashgate.com 
ISBN-10: 1409439097 

ISBN-13: 978-1409439097 


Nanophysics of 
Solar and Renewable 
Energy 

By: Edward L. Wolf 
Hardcover: 270 pages 
Cost: 50.71 USD 
Publisher: Wiley VCH 
(19 Sep 2012) 

Email : cbacchus@wiley-vch.de 
ISBN-10: 10: 3527410465 

ISBN-13: 13: 978-3527410460 


100 Per Cent 
Renewable: Energy 
Autonomy in Action 
By: Peter Droege 
Hardcover: 352 pages 
Cost: 56.00 USD 
Publisher: Routledge 
(October 16, 2012) 

Email ld: book.orders@tandf.co.uk 
ISBN-10: 1844077187 

ISBN-13: 978-1844077182 














Transmission Expansion for 
Renewable Energy Scale- 
Up : Emerging Lessons and 
Recommendations 

By: Marcelino Madrigal, Steven Stoft 
Paper Back: 168 Pgs., Cost: 25.95 USD 
Publisher: World Bank Publications 
Year : July 6, 2012 

Email: books@worldbank.org 

ISBN-10: 082139598X 

ISBN-13: 978-0821395981 


premier approach to ensure 

that transmission networks 

are expanded efficiently and 
effectively. Linking planning with 
clear and stable cost-recovery 
regulation can also help bringing 
the private sector to complement 
the considerable investment 
needs in transmission. 


Renewable Energy : 
The Facts 

By: Walter Witzel and 
Dieter Seifried 

Paper Back: 256 Pages 
Cost: 39.95 USD 
Publisher: Routledge 
(October 17, 2012) 

Email : book.orders@tandf.co.uk 
ISBN-10: 1849711607 

ISBN-13: 978-1849711609 


Renewable Energy 
Desalination 

By: Bekele Debele 
Negewo 

Paperback: 232 pages, 
Cost: 25.00 USD 
Publisher: World Bank 
Publications (September 26, 2012) 
Email : books@worldbank.org 
ISBN-10: 082138838X 

ISBN-13: 978-0821388389 


Renewable Energy 
Applications for 
Freshwater Production 
By: Jochen Bundschuh, 
Jan Hoinkis 
Hardcover: 286 pages 
Cost: 119.95 USD 
Publisher: CRC Press; (July 2, 2012) 


Email : rosa.perez@taylorandfrancis.com 


ISBN- 10: 0415620899 
ISBN-13: 978-0415620895 








Forthcoming Events 






In India 


7-9 International Conference on Energy Resources and Technologies for Sustainable 


February 2013 Development (ICERTSD 2013), Place: Howrah, West Bengal, India, Organiser: Dept. wd 
of Mechanical Engineering: Bengal Engineering and Science University, Shibpur, S 
Contact: Dr. Sudip Ghosh, 91 33 2668 4561-63, Website: www.icertsd.org re) 
10-12 WINDPRO - 4th International Wind Conference and Exhibition, Place: CODISSIA q 
February 2013 Trade Fair Complex, Coimbatore Organiser: Indian Wind Power Association, Z 
Contact: 044- 45504035, iwpacno@windpro.org, iwpahq@gmail.com, 
Website: www.windpro.org 
13 Water Management in India 2013, Place: New Delhi, Organiser: IBK Media 
February 2013 Contact: Ajay Kumar, Email: ajay.kumar@ibkmedia.com, 9702293599, 
022- 25006681 Website: www.ibkmedia.com 
21-23 International Conference on Information and Engineering Sciences - 2013 (ICIES 
February 2013 -2013), Place: Vijayawada, Andhra Pradesh, India , Organiser: International 
Multidisciplinary Research Foundation, Contact: Dr. D.B Ratnakar, Email: dbratnakar@ 
imrf.in, Website: www.imrf.in 
3 International Conference on Electrical and Electronics Engineering (ICEEE), 
March 2013 Place: Hyderabad, India, Organiser: IRNet INDIA, Contact: 040 - 66515151, 
E-mail : iceee.hyderabad@gmail.com, Website: www.interscience.ac.in 
== 
6 
In Other Countries 3 
Z 
14-16 2nd Reed as a Renewable Resource: International Conference on the Utilization of = 
February 2013 Wetland Plants, Place: Greifswald, Germany, Organiser: University of Greifswald, j= 
Contact: +49 (0)3834 86 4137, info@rrr2013.de, Website: www.rrr2013.de y 


25-26 2nd Annual International Conference on Sustainable Energy and Environmental 
February 2013 Sciences, Place: Singapore, Organiser: Global Science and Technology Forum, 
Contact: +65 6327 0166 or secretariat@env-energy.org, 
Website: www.env-energy.org 


6-7 Deeper Water Offshore Wind, Place: London, United Kingdom, 
March 2013 Organiser: Global Insight Conferences, Contact: +44 (0)20 7953 4016 or info@ 
offshorewindconference.com, Website: www.offshorewindconference.com 


7-9 International Renewable and Sustainable Energy Conference, 
March 2013 Place: Ouarzazate, Morocco, Organiser: Mediterranean Space of Technology and 
Innovation, Morrocan Agency for Solar Energy, Polydisciplinary Faculty Ouarzazate 
Contact: Youssef Zaz +212-(0)-662 102 167 or irsec13@gmail.com 
Website: www.med-space.org/irsec 
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I. Power from Renewables 


_4 A. Grid interactive power 


Wind Power 
Small Hydro Power 
Biomass Power 


Bagasse Cogeneration 


Waste to Power (Urban and Industrial) 


tt aa Solar Power (SPV) 


Pa 


x 
Fi 


Sub total (A) 


B. Off grid/captive power 
Waste to energy 


Biomass (Non-Bagasse) Cogeneration 


k Biomass Gasifier (Rural and Industrial) 


Aero-Generators/Hybrid Systems 
SPV Systems (>1 kW) 

Water Mills/Micro Hydel 

Sub total (B) 


Total (A+B) 





ergy pi ystems/devices ELLE 








18420.40 
3464.59 
1248.60 
2239.63 
96.08 
1176.25 
2667710 


113.60 
426.04 
155.596 
1.74 
106.33 
2121 nos. 
803.306 


27480.40 


F lll. Other renewable energy systems SARS SS ae 9 


Wy Family Type Biogas Plants (in lakh) 45.86 
i n 


ll. Remote Village Electrification (villages/hamlets) 


Solar Water Heating Systems - Collector Area (million sq m) 6.17 


kW= kilowatt; MW = megawatt; Sq m = square metre 
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72, Palodia (Via Thaltej), Ahmedabad - 382 115, Gujarat (INDIA). 
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From the Editor’s Desk 





Dear Readers, 


The availability of electricity in rural India is still a distant 
dream. When will electricity on a 24x7 basis be available in 
every corner of the country—irrespective of the rural urban 
divide? In addition, India’s energy crisis may be defined by 
the fact that a major share of its rural population is energy 





poor. Lack of access to modern energy services represents 

a significant barrier to development. Today, with easy access to mobile phones, 
computers and televisions, the need for electricity has become a necessity. Here 
renewable energy can make a substantial contribution. It is no longer the ‘alternate 
energy’, but a vital part of the solution to the nation’s energy needs. In fact, being 
modular in nature renewable energy systems seem to be the only option for ensuring 
regular energy supply in a decentralized manner. 

The present issue of Akshay Urja tackles issues of energy access which is a prime- 
most and critical component for marking success in any country’s economy. From 
access to information as part of an e-Governance programme, to a Jatropha 

mission for the promotion of biodiesel in the transportation and agriculture sectors, 
renewable energy can be harnessed to benefit every remote village in the nation. 

An inspiring account of solar mini grid installations being popularised in the 
villages of Uttar Pradesh to provide electricity during peak hours when electricity is 
unavailable is a must read; as is a story about Delhi’s solar illuminated Jantar Mantar 
and Safdarjung Tomb. 

The state of Chhattisgarh too is showing the way by triumphing gradually with 
renewable energy installations making new inroads into the lives of remote villagers. 
The present issue also talks about the use of biomass in brick kilns, hydrogen and 

its prospects as a future fuel, the advantages of organic cells and it stresses on the 
need for effective policy and regulation for energy access in India. Besides these 
informative articles the issue also throws light on interesting success stories like the 
recently formed anti-poaching unit called ‘Aranyaka’ in Bandipur National Park, 
which is a first of its kind in an Indian forest zone. 

I hope this issue will not only be informative but interesting as well. Please send us 
your views, contributions, and suggestions for making Akshay Urja even better. 


Happy reading. 


= 
Ore 


ARUN K TRIPATHI 
<aktripathi@nic.in> 





Published, printed and edited for and on behalf of the Ministry of New and Renewable 
Energy, Government of India, from B-14, CGO Complex, Lodhi Road, New Delhi, by Dr Arun 
Kumar Tripathi. Printed at Aravali Printers & Publishers (P) Ltd. W-30, Okhla Industrial Area, 
Phase II, New Delhi - 110 020, India 





> Letters 





I am an engineer and consultant of 
renewable energy projects. I have 
read Akshay Urja and found that it 
is very informative and useful with 
impressive contents. It has helped me 
immensely, gaining latest information 
on inventions and government policy 
and plans related to renewable energy 
sources, as today renewable energy 
has become a need of the hour. 
I was delighted to read the 
article on the success story of ‘First 
ARUN dish’ which was installed 
in Mahanand Dairy, Latur, in the 
August 2012 issue. You are doing a 
good job by making renewable energy 
popular among people. It will be 
much appreciated if you may give 
the list of the manufacturers of solar 
equipment, solar systems and biogas 
electricity plant up to 5 kW and the 
approximate cost of the same. 
Anant B. Tamhne, 
Shivaji Nagar, Nagpur 


We thank you very much for sending 
the Akshay Urja, October 2012 
issue. I must say that the newsletter 
has proven to be very useful and 
highly informative in the sector 
of renewable energy. We eagerly 
await every forthcoming issue of the 
newsletter. 
T. Palaniappan 
Sr. Manager (New Projects) 
NTPC Ltd., Chennai. 


I am indeed interested in the field 
of technology and policy related 

to various programmes and 
schemes being implemented by the 
government in order to popularise 
the use of renewable energy sources, 
and spread awareness about various 
activities pertaining to new and 


renewable energy at national and 
international level. 
Arvind Sudhakar Chaudhari 
Pimply Gurav, Pune. 


I have been regularly receiving 
Akshay Urja monthly magazine since 
past several years. I am thankful 
to you for sending me the valuable 
magazine. I represent several 
national and regional level NGOs 
and we help to promote usage of 
renewable energy in various remote 
places in our country. Recently I have 
joined the ‘Solar Society of India’, 
New Delhi and hope to accelerate 
the pace of actual implementation 
of projects seeking help from the 
society. In this respect we had 
organised a workshop at Nagpur with 
the Institution of Engineers, which 
received overwhelming response 
from the stakeholders. We hope 
to again undertake such kind of 
activities to popularise the usage of 
renewable energy. 
CA Rajeev Deshpande, 
Executive Director, 
National Centre for Rural 
Development, Nagpur. 


I congratulate you for the wonderful 
and very impressive journal Akshay 
Urja which contains the most useful 
information which is the need of the 
hour. I would like to subscribe for this 
journal which deserves to be in our 
and all other libraries. 
M. Venkateshwarly, 
Managing Director, 
RDF Power Gen Limited, 
Hyderabad. 


I found the magazine very 
informative and useful for my 


academic as well as professional work. 
I would, therefore, like to request you 
to enroll me and provide me Akshay 
Urja on the following address. 
Prof. Indrajit Mukhopadhyay 
School of Solar Energy, 
Gandhinagar, Gujarat, 


À aaa Hol HI GH sth VET S| SAH 
THRO Sat aR A ce GAH 
al aad eal è 1 Fe Mae Ht 
oat @ ae wate arpa Te 
ate aM al Sha At aiaia Sati 
g Ufa ag Wal S| Aas Sal A Sa FIM 
UR Ald & AN A AR AMAR UH 
a we n Het ST S| HIT SAH ACT, 
SNe TA Hat ale & AN A AMHR F | 
faar pare fig 
Avs ca DNATA, 
antore 


AAA Sal Hl UR sh ASK Fa FA, 
qei A Wed al Alen fae | sth AIST 
a aera Baas A | aed SATS, 
TARE Gl Baa Hl gA H few 
Foe KASH Ta, FAS GAA 
aM ae ba FAA eT feafa |r, 
famia è | Apa Fare & aR- 
ee 
| 


AAA BA STAT 2012 Hl Ah WSR 
aga SSH AT | SSH St TS ATT TS 
- OR wal Aea p area À saa, 
THAT hl HEM, Hay, Hie ale 
arn adage Us Geta È I sa Usa 
Ñ A ee ast arrearage ere F | 
ai aren aed & fafa À si Ai 
amaaa fred TET | 

Gait Berar WA TË, 

maA Tara, 


TSH, Uae 


Dear Reader, Thank you very much for your suggestions and encouragement. The editorial team of Akshay Urja will 
make every effort to make this newsletter highly informative and useful to all our readers. We welcome your suggestions and 
valuable comments to make further improvements in terms of content and presentation. Editor: Akshay Urja 
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m India, US fund 50 million dollar 
project for solar research 
m Chhattisgarh govt. to install solar 


energy driven water pumps in 1722 
hamlets 


m Renewable energy certificates 
stacking up in the absence of takers 


m Karnataka unveils multi-city rooftop 
solar programme 


m Time-of-day metering for Kerala 
power consumers 


= India plans to develop a forecasting 
model for energy demand and supply 


m Vibrant Gujarat Summit 2013: Gujarat 
likely to sign MoU for a pilot project 
for tidal power generation 


= India committed to sustainable 
energy for all dl 
m India unveils national electric vehicle a 


plan 2 Cover Story 


m Biodiesel in vehicles of Mysore City 


Corporation for e-Governance in Rural India 


nal 8-9 Bs RE Feature 
13 Biomass to Energy 
Solar Minigrids in Rural Areas 
of Uttar Pradesh 
Solar energy illuminates Jantar 
Mantar and Safdarjung Tomb 
Solar Power Dispelling Darkness of 
Chhattisgarh 
4 Use of Biomass in Brick Kilns 


m New Orleans may get 242 Solar 
Trash Cans 


m New wind turbine blade designs 
could reduce costs 


= Nonmaterials that split sunlight into j 
separate colours could bring Solar a 
Panels to 50 per cent efficiency 


w New world record set for Solar Cells: psi Cont R hinO : 
44 per cent efficiency g ontemporary Research in Organic 
K kto hit 2020 an Solar Cell 
m UK on track to hit Se Shey ©) 34 Hydrogen and it’s Prospects for 
targets Fe 
- - = Future Fuel 
m The First Large-Scale Floating Solar y 5 Effective Policy and Regulation for 
Power Generation System KG l . 
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Solar PV Power Plant at Goshen Drass, Kargil (40 kW) 
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In India, many digital inclusion 
e-Governance programmes suffer due 
to non-availability of both Electricity and 
Broadband Internet Connectivity. 





Uttar Pradesh being highly populated 
with a large geographical area, has 
several problems of energy access and 
power distribution. 








Energy Efficiency and Renewable Energy 
Management Centre is the Delhi nodal 
agency for implementing renewable 
energy schemes. 
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RENEWABLE 
ENERGY NEWS 








INDIA, US FUND 50 MILLION 
DOLLAR PROJECT FOR SOLAR 
RESEARCH 

Energy cooperation, a vital part 

of Indo-US relations, has taken 

a leap forward with a 50 million 
USD collaboration to promote solar 
energy research. The Solar Energy 
Research Institute for India and 
the United States (SERIIUS) has 
been set up by the Indian Institute 
of Science (IISc) and the National 
Renewable Energy Laboratories 
(NREL), which is part of the US 
Department of Energy. 

Professor K. Chattopadhyay, 
the chairperson of the Materials 
Engineering Department at IISc, 
has been named one of the co- 
directors of the new Institute, along 
with L.L. Kazmerskie of the NREL. 
The Institute, through a formalised 
R&D structure, aims to promote bi- 
national collaborations. SERRIUS 
is part of the PACE programme 
launched in 2010 by President 
Barack Obama and Prime Minister 
Manmohan Singh, explained 
Professor Chattopadhyay. 

He added, “The two 
governments have contributed 
12.5million USD each and the rest 
is being obtained through industry 
bids. The three major points of 
focus in the PACE programme are 
solar energy, building efficiency and 
biofuels. Our consortium consists of 
30 members, 15 from each country 
and includes members from IIT 
Bombay and Chennai, as well as 
universities like Berkeley”. He also 
stated that SERITUS will have two 
headquarters, one at the IISc and 
the other at the NREL in the US. 
The Institute will function through 
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what they like to call, ‘cooperation 
and innovation without borders’. 
The primary focus will be high- 
impact, fundamental and applied 
research and development that 
might just bring solar energy one 
step closer to becoming a practically 
viable energy source. The solar 
electric technology they hope to 
develop will lower the cost per watt 
of photovoltaics and concentrated 
solar power. 
India is a long way away 
from adopting solar power as a 
principal energy source. whether 
the setbacks lie in technical, 
economic or policy issues. SERITUS 
will also facilitate collaborations 
between research institutions and 
industry, greatly shortening the 
duration between a discovery, the 
development of that discovery, and 
its commercialisation. 
www.thinkindia.net.in 
19 December 2012 


CHHATTISGARH GOVT. TO 
INSTALL SOLAR ENERGY 
DRIVEN WATER PUMPS IN 1722 
HAMLETS 

Solar energy will not only power 
lamps but will also ensure 

drinking water in Maoist-infested 
pockets in Chhattisgarh. The 

State Government has selected 
1722 hamlets where water pumps 
operated by the solar energy will be 
installed to provide drinking water 
to people. 

These small villages have been 
selected across the 10 districts of 
the State—most of them are in the 
red zone. In January a high level 
meeting approved the proposal 

















for installing solar energy water 
pumps. This could in fact work as 
anew year gift for people in the 
insurgency hit areas of the State. 
According to officials of the Public 
Health Engineering (PHE), many 
government schemes to supply 
safe drinking water in the red 
zone have had to be taken off the 
books following threats from the 
guerrillas. The ground water in 
the area is reported to be polluted 
and it has been a challenge for the 
authorities to provide safe drinking 
water in the region. 

Though the authorities did not 
spell out how the solar energy plan 
would be put into place, officials 
stated that the system would be safe 
from insurgents. The rebels could 
not as easily inflict damage to solar 
powered systems as they could to 
water pipelines. Frequently, rebels 
target a pipeline which disrupts 
supply for that whole area. The 
use of solar energy would take on 
the Maoists on at least two fronts— 
supply of electricity in remote 
areas and now safe drinking water 
to the people. Earlier, the State 
Government had decided to power 
non-electrified villages in the 
Maoist zones with solar energy. 

Business Standard 


02 January 2013 
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RENEWABLE ENERGY 
CERTIFICATES STACKING UP IN 
THE ABSENCE OF TAKERS 
Renewable energy certificates 
(REC) for power generated from 
wind, bio-mass, bio-fuel and small 
hydro plants are stacking up in the 
absence of takers, eroding a key 








į i i \ 
incentive for renewable electricity. 

Out of 8.5 lakh such certificates 
offered for sale in December, barely 
1.73 lakh found buyers—at a price of 
Rs 1,500 each, which is about 45 per 
cent lower than a year ago. 

According to data provided 
by the Indian Energy Exchange, 
the number of certificates being 
offered for sale is steadily increasing 
since April, when it was about 1 
lakh. However, buy bids have been 
hovering at 2 lakh and below every 
month, except for June when it 
touched 3.3 lakh. During November 
as many as 9.2 lakh RECs were 
offered for sale—the highest so far. 
Only about 55,000 were sold during 
the same month. 

An energy certificate is a tradable 
certificate that represents 1,000 
units of power generated from 
renewable sources and sold to the 
grid. State utilities are to buy these 
certificates from a power exchange 
like the Indian Energy Exchange 
(IEX), to meet their obligation 
of sourcing 5 per cent of power 
from renewable sources in a year. 
These certificates have a life of one 
year and if they are not sold at the 
power exchanges during a year they 
lapse - meaning the non-renewable 
power generators’ income from sale 
of power turns out to be marginal. 
Energy certificate prices were 
ruling at Rs 2,700 during October 
2011. This dipped to Rs 1,500 per 
certificate during October 2012—a 
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45 per cent fall. 
economictimes.indiatimes.com 
03 January 2013 


KARNATAKA UNVEILS MULTI- 
CITY ROOFTOP SOLAR 
PROGRAMME 

As solar programmes go, the one 
unveiled recently by Karnataka is a 
pretty small one—about 1.3 MW. But 
its spread is large. 





The State wants to create 0.5 
kW and 1 kW household solar 
systems across some 1,943 houses 
in Bangalore, Mysore, Mangalore, 
Hubli and Gulbarga. From a reading 
of the tender notification, it appears 
that this is a pilot project. 

These are grid-connected solar 
systems, which means that this 
programme is a rent-a-roof type of 
initiative. The solar developer puts 
up a plant on a rooftop and sells 
the electricity to the grid at prices 
arrived at by the tender process. 
The revenues will be shared with 
the roof owner. 

Half kilowatt systems will come 
up on 1,297 roofs and 1 kW systems 
on 646. The equipment used 
should be one of those approved 
by the Karnataka Renewable 
Energy Development Ltd and the 
developers should guarantee a 
minimum of 450 units a year for 
half kilowatt systems and 900 units 
for 1 kW. The tender notification 
speaks of the value of the tender 
being Rs 34 crore. 

www.eai.in 
03 January 2013 
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TIME-OF-DAY METERING FOR 
KERALA POWER CONSUMERS 
Kerala State Electricity Board 
(KSEB) has made time-of-day (ToD) 
metering applicable for domestic 
consumers drawing more than 

500 units a month. The meters 
have been installed at all such 
households, an official spokesman 
said. Normal tariff applicable for 
consumers in this category has been 
fixed at Rs 6.50 a unit. 

This rate would now become 
applicable only from 6 am to 6 
pm. From 6 pm to 10 pm, they 
would have to pay Rs 7.80 per unit, 
which is 20 per cent more than 
the normal. But during the lean 
period from 10 pm to 6 am, they 
need to pay only 90 per cent of the 
normal, which is Rs 5.85 a unit. ToD 
metering is being introduced for 
nearly 11,000 high-end domestic 
connections in the state from the 
new year onwards. This is being 
done with a view to encourage 
them to shift part of their overall 
electricity use away from peak 
demand hours. 

The new metering and billing 
system has been introduced by a 
direction from the regulator of the 
Kerala State Electricity Regulatory 
Commission, a few months ago. 
The idea has been to incentivise 
consumers to help solve the 
systemic problem of peak demand 
in the State. An enduring feature of 
the demand in the state has been 
the wide variation in consumption 
during the day and peak demand 
during night hours from 6 pm to 
10 pm. This is best explained by 
the lack of a thriving industrial 
sector, which is a major consumer 
of electricity in neighbouring states 
of Tamil Nadu and Karnataka. This 
is, also, what has essentially spared 
the state the 12 to 16 hours of load- 
shedding/power cut declared by its 
industrialised neighbours. 

www.indiaeveryday.in 
01 January 2013 
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INDIA PLANS TO DEVELOP A 
FORECASTING MODEL FOR . 
ENERGY DEMAND AND SUPPLY 


India plans to develop a forecasting 
model for energy demand and 
supply that will help in policy 
decisions. The model, on the lines 
of UK’s Energy Calculator 2050, 
will be available to industry and 
researchers. 

“The proposal has the in- 
principle approval of the Prime 
Minister, and the task to set up 
a model is entrusted to Planning 
Commission,’ a senior government 
official said. Apart from India, China 
is also in talks with UK’s Department 
of Energy and Climate Change 
(DECC) to set up a similar model. 
This will be the government's own 
energy model, which will provide 
energy pathways for four decades. 

It will give the nation an effective 
tool for taking energy related 

policy decisions in an integrated 
manner. The model will be handy 

to predict demand, supply and 
pricing more objectively and in a 
manner, which will help to optimise 
natural resources. The Planning 
Commission is creating this energy 
model because the country has 
separate ministries and departments 
for different types of energy such 

as coal, power, petroleum, nuclear 
and renewable. It will also guide 
Indian negotiators in taking a stand 
at international fora, especially on 
climate change. The Bangalore- 
based Center for Study of Science, 
Technology and Policy (CSTEP) is 
assisting the Planning Commission 
in setting up this model. Since India’s 
GDP growth is dependent on energy 
supply, it is important to know how 
much energy India will need and 
how to meet the demand. 

Currently, the Planning 
Commission's recommendations 
on energy are based on studies 
carried out with expert groups, 
but these often do not capture the 
changes in global energy scenarios 
and technological advances. 
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Almost all developed nations have 
their own energy models that 
help them in taking crucial policy 
decisions regarding demand, supply, 
pricing and utilisation. US Energy 
Information Administration is one 
such model that keeps global energy 
data and has been a resource centre 
for various countries including India. 
www.panchabuta.com 
15 January 2013 


VIBRANT GUJARAT SUMMIT 
2013: A PILOT PROJECT FOR 
TIDAL POWER GENERATION 
After pioneering in the use of 
solar energy, Gujarat may well 
set a benchmark for tidal power 
generation. The State Government 
has promoted the use of renewable 
sources of energy and taken a 
lead in solar power generation by 
establishing an installed capacity of 
750 MW: a significant chunk of the 
total 1100 MW installed capacity 
across India. The State Government 
is likely to sign an MoU for a pilot 
project for generating power from 
the ocean. Unlike traditional tidal 
generation equipment, Wave Energy 
Conversion Equipment produces: 
wave energy from the motion of 
sea water using equipment that 
remains submerged at a depth of 
40 m. Marine navigation will thus 
remain unhindered. This energy 
can be produced in a decentralised 
fashion. Individual units can then be 
linked to create a Wave Energy Park. 
Installed units can vary in capacity 
from 50 kW to 1.5 MW. This wave 
energy can be utilised round the 
clock and throughout the year unlike 
other renewable sources of energy 
that have seasonal variations in 
power generation. 

At present wave energy 
projects are being undertaken at 
Castiglioncello and Gorgona in Italy, 
Maldives, and the United Kingdom. 
If the proposal of the Mumbai-based 
Spa Group of Companies is accepted, 
this would be a first in India. The 
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pilot project will cost Rs. 7.5 crore 
with the installation of one unit and 
investment may go upto Rs. 125 
crore if 12 linked units are installed. 
The company is also eager to set up 
a Research and Development (R&D) 
unit at Ahmedabad for developing 
bricks made from thermocol. 

The Gujarat Government took a 
lead in the use of renewable energy 
generation by setting up a 600 MW 
Solar Plant at Charanka in North 
Gujarat, against all odds. The State 
Government has also engaged 
students of the Indian Institute 
of Technology (IIT) to work on 
canal-top micro turbines for hydro 
power generation. The Government 
has also invited experts to produce 
hybrid powers involving solar, wind 
and hydro powers. “We want to 
invite experts and industries to work 
on innovative methods of producing 
green energy. We would like to learn 
about the best practices from across 
the globe and implement them in 
Gujarat,” said an official in the State 
industries department. 
www.economictimes.indiatimes.com 

09 January 2013 


INDIA COMMITTED TO 
SUSTAINABLE ENERGY FOR ALL 


India is committed to sustainable 
energy for all and it stands among 
the top five nations of the world in 
terms of renewable energy capacity, 
according to the Indian Ambassador 
to the UAE. Speaking at the 3rd 
session of International Renewable 
Energy Agency (IRENA) being held 
in Abu Dhabi, Ambassador M K 
Lokesh said that the country has 

an installed base of over 26,000 
MW, which constitutes 12.5 per 
cent of the country’s total power 
generation capacity, representing 
an almost 400 per cent increase in 
the past five years alone. Renewable 
energy sector in India is now 

seen as a significant player in grid 
connected power generation and an 
essential player for energy access. 
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Investment in the renewable energy 
sector grew by 25 per cent last year 
and amounted to nearly USD 3.8 
billion. India now stands among 
the top five nations of the world in 
terms of renewable energy capacity. 

Stating India’s position on United 
Nation's Secretary General’s (UNSG) 
Initiative on Sustainable Energy for 
All (SE4ALL) Lokesh said: “India 
is appreciative of the work done 
by IRENA in the area of renewable 
energy. It has studied the work 
programme put up by the Director 
General IRENA for the year 2013. 
The programme is elaborate and 
includes varied activities.” 

Over 1.4 billion people in the 
world, with 400 million in India 
alone, remain without access to 
electricity. “With such daunting 
challenges, the issue is universal 
access to energy per se, utilising 
all forms of energy and not just 
the renewables. As far as India is 
concerned, even a doubling of the 
share of renewables will not make 
a dent on the scale of our energy 
poverty,” said Lokesh. 

“We in India are committed to 
sustainable energy for all. We have 
set ambitious targets for increasing 
the share of renewables in our 
overall energy mix. However, as 
far as UNSG’s SE4All initiative is 
concerned, from India’s point of 
view, primacy needs to be given to 
ensuring universal access to energy. 
India sees energy goals set in UNSG’s 
SE4All initiative, as restricting its 
policy space and options. Particular 
reference is therefore, invited to 
the discussions held at the Rio+20 
conference last June, where IRENA 
was also present, and where the 
SE4All initiative was discussed 
in a great detail,” the ambassador 
said. According to him, since the 
initiative had elements in it, which 
could not be accepted by all parties 
as a package, it was finally decided 
to only “take note of the initiative 
without welcoming it or endorsing.” 
At Rio, member states did not come 
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to an agreement on setting targets 
on energy access, energy efficiency, 
and renewable energy. 

www.eai.in 


14 January 2013 
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INDIA UNVEILS NATIONAL 
ELECTRIC VEHICLE PLAN 
Prime Minister Manmohan Singh 
launched this week a national 
electric vehicle plan which will help 
accelerate consumer adoption and 
domestic manufacturing of this 
low carbon transport in India. The 
National Electric Mobility Mission 
Plan (NEMMP) aims to improve 
national energy security, increase 
domestic manufacturing and tackle 
the environmental impacts of the 
automotive industry. It includes a 
total investment of over Rs. 23,000 
crore to be equally shared between 
the Government and the automotive 
industry. Manmohan Singh expressed 
his fresh support for electric vehicles 
(EVs) at the NEMMP launch, which 
was attended by transport industry 
leaders and expert researchers. He 
said: “These technologies are not 
only more efficient but they are also 
cleaner. They have the potential to 
contribute substantially to our efforts 
for mitigating the adverse impact 
of economic development on the 
environment.” 
www.eco-business.com 


11 January 2013 


Launching of biodiesel vehicles by Mysore City 


Corporation on 17 September 2012 
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BIODIESEL IN VEHICLES OF 
MYSORE CITY CORPORATION 
Biodiesel has a history dating back 
to 1850s. Though the concept 

of biodiesel is well established 

and well known, it still requires 
better attention for better 
dissemination. The National 
Institute of Engineering— Centre 
for Renewable Energy and 
Sustainable Technologies (NIE- 
CREST) organised a programme 
on launching biodiesel for vehicles 
of the Mysore City Corporation 
(MCC) on 17th September 2012. 
The vehicles of MCC are now 
running on biodiesel at 10 per 
cent blend. The biodiesel is being 
supplied by Mysore District Biofuel 
information and Demonstration 
Centre, NIE-CREST, Mysore. 

The Centre is promoting and 
disseminating biodiesel from non- 
edible seeds like pongamia, mahua, 
neem and others. The Centre is 
established at NIE, Mysore and 
is sponsored by the Karnataka 
State Biofuel Development 
Board, Bangalore. The concept 
of using renewable energy can be 
replicated in other governmental 
organisations for popularising and 
disseminating renewable energy 
which in turn widens the scope for 
accessibility to renewable energy 
systems. 

www.niecrest.in 
20 October 2012 
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NEW WIND TURBINE BLADE 
DESIGNS COULD REDUCE COSTS 


In the Greek myth, Icarus, 
attempting to fly with wings 
that his father had constructed 
from feathers and wax, ignores 
instructions not to fly too close 
to the sun, the wax melts and he 
falls into the sea and drowns. If 
the wind industry is to develop 
its full potential, it must ensure 
that the wings of its turbines are 
technologically advanced enough 
for them to be viable producers 
of energy both economically and 
sustainably. Feathers and wax 
will not do. Only the continuous 
improvement of rotor blades will 
allow the sector to tap into more 
moderate wind speed markets and 
enable off-shore wind farms to 
become truly cost effective. 
Siemens has already become 
somewhat of a leader in this field 
producing the world’s longest rotor 
blades for wind turbines. Measuring 
75 m in length, the blades are almost 
as big as the wingspan of an Airbus 
A380. As they move, each rotor 
covers 18,600 square meters, the size 
of two and a half soccer fields, while 
the tips of the blades move at up to 
80 m per second, the equivalent of 
290 km per hour, states the company 
proudly. The entire blade is poured 
as a single piece made of glass fibre- 
reinforced epoxy resin and balsa 
wood, meaning the final product 
has neither seams nor bonded joints 
and is extremely robust. At the same 
time, the blade weighs 20 per cent 
less than conventionally produced 
blades through the use of specially 
designed blade profiles that are also 
shaped to deliver maximum rotor 
performance at a range of different 
wind speeds. Whereas the first wind 
turbines generated 30 kW and had 
five-meter-long rotor blades, the 
latest turbines can produce six MW 
of power, extols Siemens. 
www.ewea.org 
26 December 2012 





NANOMATERIALS THAT SPLIT 
SUNLIGHT COULD MAKE SOLAR 
PANELS 50 PER CENT EFFICIENT 
Every year batteries improve so 
they can hold more power, LEDs 
become brighter, CPUs become 
faster, hard drives can hold more 
data, etc . And the beautiful thing 
is that most of these improvements 
usually end up being less expensive, 
or at least priced similarly, to the 
technologies they supplant. What's 
not to like? One area where a lot of 
progress has been made over the 
past few decades is solar panels, 
yet there’s still a lot of headroom 
left to push things further. That’s 
exactly what a new Defense 
Advanced Research Projects Agency 
funded project is trying to do by 
using nanostructured materials 
to make solar panels much more 
efficient than they currently are 
(they claim they can get to above 
50 per cent efficiency, against the 
less than 20 per cent which is the 
norm right now). The idea is clever: 
by decomposing sunlight into its 
constituents and aiming each of 
those into precisely tuned solar 
cells that are most efficient when 
absorbing that specific colour, 
much higher levels of conversion 
efficiency can be possible. At least 
that’s the theory. 
www.treehugger.com 
28 December 2012 


NEW WORLD RECORD SET FOR 
SOLAR CELLS: 44 PER CENT 
EFFICIENCY 
The National Renewable 
Energy Laboratory (NREL), US 
Department of Energy and their 
industry partner Solar Junction, 
have just set the bar even higher in 
the race for ultra-high-efficiency 
photovoltaic (PV) cells by achieving 
another world record of 44 per cent 
efficiency. 

The newest cells build on 
previous successes with multi- 
junction PV cells (which use layered 














semiconductors, with each layer 
optimised to capture different 
wavelengths of light) and combine 
them with low-cost concentrating 
lenses to multiply the intensity of 
the sun’s energy hitting the cells. 
Last year, NREL and Solar Junction 
set a record in efficiency with their 
SJ3 cells, which are designed for use 
in utility-scale concentrated solar 
PV projects. The SJ3 was verified 
as being able to convert 43.5 per 
cent (at 415 suns - a measurement 
of the intensity of the sun’s energy 
when multiplied) of the energy in 
sunlight into electricity, but this 
latest iteration set a new high of 44 
per cent efficiency (at 947 suns). 
The breakthrough garnered 
NREL yet another R&D 100 award 
from R&D Magazine, their third so 
far, and according to them, it, along 
with other advances, could “pave 
the way for a 50 per cent-efficient 
solar cell in the not-distant future”. 
www.treehugger.com 
28 December, 2012 


UK ON TRACK TO HIT 2020 
GREEN ENERGY TARGETS 
The UK is on track to meet its 2020 
renewable energy targets after 
low-carbon electricity generation 
grew more than a quarter in the 
year to end-June 2012, thanks 
largely to new solar and offshore 
wind projects, a government 
report said. The department 

of energy and climate change 
(DECC) said renewable energy 
accounted for over 10 per cent of 
total electricity supplied in the 12 
months to end-June. Renewable 
power output grew 27 per cent 
from July 2011, according to the 
UK’s latest Renewable Energy 
Roadmap status report released 
on Thursday. Renewable energy 
is increasingly powering the UK’s 
grid, and the economy too with 
more than 10 per cent of its power 
now coming from renewables. 
Britain has a target to produce 15 
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per cent of its energy, including 
electricity, heat and transport, from 
renewable sources by 2020 in a bid 
to cut climate-warming emissions. 
This means that 30 per cent of the 
UK’s electricity must come from 
renewable by the end of the decade, 
the Government said, with wind 
playing a leading role. Getting new 
infrastructure investment into the 
economy is crucial to driving the 
growth and supporting jobs across 
UK. DECC has identified around 
12.7 billion pounds (20.6 billion 
USD) of confirmed and planned 
renewable investment by companies 
between April 1, 2011 and July 31, 
2012, potentially creating around 
22,800 jobs. The department, which 
expects the growth in renewables 
to continue or accelerate, predicts 
the industry will support 400,000 
direct jobs by 2020, up from around 
110,000 jobs currently. Government 
subsidies have played a key role in 
encouraging investment, however, 
and economic difficulties have 
put pressure on support schemes. 
Government departments have 
reined in spending, though 
officials say the falling costs of the 
technology mean that less support 
is required to encourage take-up. 
economictimes.indiatimes.com 
27 December 2012 


THE FIRST LARGE-SCALE 
FLOATING SOLAR POWER 
GENERATION SYSTEM 
IFPEnergies Nouvelles (IFPEN) 
and Ciel et Terre signed an R&D 
agreement at the end of 2011 to 
develop Hydrelio (C), the world’s 
first large-scale floating solar 
power generation system. Designed 
by R&D teams at Ciel et Terre, 
Hydrelio has just been launched 

in the international market, and 
the results are already promising. 
This partnership was set up as part 
of IFPEN’s technological support 
policy to help SMEs develop their 
technological innovations. With this 
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project, IFPEN has contributed its 
scientific expertise in the fields of 
finite element modelling, structural 
modelling and analysis of mooring 
line behaviour. This new floating 
solar power generation concept 
addresses the problems of land 
availability and landscape impacts 
that large-scale land-based solar 
power generation projects come 

up against. It makes it possible 

to conserve land that can be put 

to other uses (farming, mining, 
tourism, urban development) and to 
convert unused stretches of water 
into spaces dedicated to renewable 
electricity production (quarry lakes, 
irrigation ponds, water treatment 
plant lagoons, dams). These 
stretches of water cover substantial 
areas. Synergies with water can 
even go beyond with side benefits 
such as preserving water resources 
by cutting evaporation losses and 
preventing from algae growth. 

The modular Hydrelio (C) system 
comes in a variety of versions and 
can be used to construct power 
plants generating up to 50 MW. 
The basic module consists of two 
blow moulded floats made of HDPE 
plastic material: one supports the 
solar panel and the other is used as 
a link and to provide maintenance 
access. The floats are then joined 
together to form solar islands, using 
an easy-to-assemble, ultra-resistant 
system of connection pins. 

The Ciel et Terre - IFPEN 
partnership focused on the 
mechanical strain placed on the 
system and, particularly, the 
extreme stresses that a floating 
platform may be subject to as a 
result of swell and high winds. 

The tests, which are structured 
to take into account maximum 
stresses related to extreme weather 
conditions (cyclones, typhoons), 
confirm the viability of the system 
for all climates during 20+ vears. 
www. green-energy-news.com 
22 December 2012 
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US GOVERNMENT GRANTS 10 
MILLION USD TO ALGAE FUEL 
RESEARCH 

The US government has granted 10 
million USD to unlock the potential 
of biofuels made from algae, in an 
effort to diversify the fuels used 

in transport. The funding, from 

the Department of Energy, will 
support research projects aiming 
to boost the productivity of algae 
cultivation systems and develop 
and demonstrate effective, energy- 
efficient and low-cost algae harvest 
and processing technologies. 

The grant hopes to fund projects 
which will maximise yield from algae 
and improve production of biofuel 
intermediates—the product of algae 
cultivation and pre-processing. 
According to the Department of 
Energy, increasing the yields of 
biofuel intermediates will help lower 
the cost of biofuels by decreasing 
capital and operating costs, while 
enhancing the sustainability of algal 
biofuels by capturing energy from 
every available part of the feedstock 
and reducing water resource 
requirements. “At a large-scale, these 
technologies could help speed up 
commercialisation of domestically- 
produced, cost-competitive biofuels 
from algae,” the Department of 
Energy said in a statement. “The 
Department encourages applicants 
from industry, universities, and 
national laboratories.” A cost share 
of at least 20 per cent of the total 
project cost is required. Biofuels 
from algae is picking up more 
attention globally. The Research 
Institute of Tsukuba Bio-tech 
recently received funding from 
the Japanese government for its 
ambitious algae biofuels programme. 
And according to energy research 
firm SBI, algae biofuels will post a 
compound annual growth rate of 43.1 
per cent that will lead the market to 
1.6 billion USD in 2015. 

www.focus.com 
30 January 2013 
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ndia is connected. And millions of Indians are using 

mobiles for voice connectivity. There is a race for 3G, 

4G and 5G technology: all part of the mobile revolution 

in this country. Apart from wanting FDI in the retail 
sector rural India wants to smile, shine and roar through an 
Information Communications Technology - enabled (ICT- 
enabled) sustainable development process. The English 
Poet Laureate, Alfred Tennyson said ‘the shell must break 
before the bird can fly’. The development process in India 
shall break the shell so that rural India can embrace a 
sustainable way forward. 


CONNECTIVITY REQUIRES RENEWABLE ENERGY 
The e-Governance programme suffers on account of non- 
availability of both electricity and broadband internet 
connectivity at the sub-district levels. Accessibility to 
both electricity and Internet is a perennial problem in all 
States. The World Wildlife Fund’s (WWF) Energy Report 
presents a provocative scenario, set in 2050, of a world run 
entirely on renewable energy. Achieving universal access to 
electricity is one of the most important goals of the 12th 
Plan Document. India has vast natural resources potential 
to harvest renewable energy resources. Indigenous research 
and engineering is therefore required. 


NADRS: A CASE STUDY 

The National Animal Disease Reporting System (NADRS) 
project of the Ministry of Agriculture (MoA) aims at 
facilitating ICT enabled animal disease reporting, control 
and surveillance. It covers 143 World Organisation for 
Animal Health (OIE) listed (and other non-OIE listed) 
diseases, from 7032 locations in the country (OIE is a 
world organisation for animal health). The NADRS project, 
during its implementation, faced severe constraints with 
respect to access to energy at block levels throughout the 
country. The situation on the ground showed that: 

m Even if electricity is available, then appropriate voltage is 
not available; frequent fluctuation in voltage and improper 
earthing leads to damage of computer systems. 

= Most of the time, the electricity connectivity is not usable 
and there is outages for days altogether making operation 
of the computer systems impossible. 

These situations led to many challenges in the 
operationalisation of the NADRS Project in sub-district 
levels. In fact, many such e-Governance programmes 
require to be brought under the Rajiv Gandhi Grameen 
Vidyutikaran Yojana (RGGVY), in view of its benefits in 
rural India. 


HOW INFORMATISATION BEGAN 

Informatisation means making a society or geographical 
area information-based. In India, this was done at the 
central, state and district levels by initiating a computer 
communications network called NICNET and launching 


Ain té 


the District Information System of the National Informatics 
Centre (DISNIC) programme in the country, to facilitate 
the Government-to-Government (G2G) component of 
e-Governance. This was the first step towards digital inclusion 
with the technology available during 1980s. An e-Governance 
Programme was subsequently launched during the first 
decade of the 21st century, through mission mode projects. 
With the revolution in mobile communications as well as 
the Government's decision to establish a National Optical 
Fibre Network (NOFN) connectivity in about 2,30,000 
gram panchayats, it is appropriate at this point to look into 
possible challenges and opportunities. The catch phrase- 
‘Access to Information’ and ‘Information to Access’ is very 
relevant here. This two way development would be required 
in about 1600 Indian languages and its associated dialects, 
and also through automatic speech recognition, speech- 
to-text and text-to-speech. A Citizen-Driven Government 
Model (C2G) is the need of the hour in India so that we may 
have inclusive and sustainable growth. 


THE VILLAGE AS THE UNIT 

An Indian village is a recognisable unit located in a specific 
agro-ecological and sociological environment. We have 6.25 
lakh villages in 2.3 lakh panchayats. Rural India is ona forward 
march with the aid of many developmental programmes 
such as the Bharat Nirman Programme, Mahatma Gandhi 
Rural Employment Guarantee Scheme, Public Distribution 
System, and the e-Governance Programme. 


FARMERS’ INTERACTION IMPORTANT 

There is a need to develop a platform for farmers to interact 
with (Fig 1 ): Input suppliers (for seeds, fertilisers, pesticides, 
machinery in the absence of labourers and credit), 
marketing channels (like wholesale markets, rural markets, 
commission agents, and processing industries), agricultural 
labourers and agricultural extension workers. Farmers face 
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Fig 1. Farmers’ linkage with stakeholders at the agriculture sector 
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Fig 2. A conceptual illustration of digital inclusion 


acute problems during their entire crop cycle: high input 
cost, unpredictable weather conditions during production, 
and distress sale of output. Farmers’ linkages - with credit 
agencies, marketing agencies, input suppliers, research 
agencies and extension services (Fig 1) - do not have good 
customer relationship management built-in. Farmers are 
unorganised while the other stakeholders are organised. This 
creates huge problems. Furthermore, because of the non- 
availability of effective farm health management, there have 
been mounting losses in the order of more than 18 billion 
USD. This is a preventable loss which can be converted into 
a productive gain. Farm Health Management could improve 
plant health, animal health, soil health and water quality - 
and well powered e-Governance programme can create a 
significant impact. 


DIGITAL INCLUSION 

India’s llth and 12th Plan documents talk about digital 
inclusion, development inclusion and social inclusion. 
Universal digital access can lead to universal digital 
inclusion. To achieve this universal digital inclusion, Figure 
2 gives a broad spectrum of Informatisation processes for 


Table 1. From Online to Citizen-Driven Government 


Online Citizen-Centric Citizen-Driven 
Government Government Government 


Sourcing 





Model Internal Shared External 

Service 

Model Transactional Integrated Configurable 

Access Multiple Web Single Portal Communities 

Model Sites (One-Stop Shop) (My-Stop Shop) 

Architecture Individual nihoye-aI- Federated 
Government 


Source: Gartner (April 2009) 
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Rural area where more than 80 per cent of the activities are related 
to agricultural sector. DNF — digital network for farmers; PII - Public 
Information Infrastructure; NKN - National Knowledge Network. 


Rural India 


DISNIC Programme (1987) 
targeted for 28 sectors at 
sub-district level 


Smart Village- 


digital inclusion 





enabling socio-economic and agro-economic changes in 
rural India (Table 1). 


NEW AND RENEWABLE SOURCES OF ENERGY 

The new and renewable sources in India consists of: wind, 
tidal power, solar energy and small hydro power - all of which 
are relatively expensive to produce. There is also biomass 
energy from farm and animal waste, and also from urban 
sewage - which is less-expensive. We all know that renewable 
energy is green, clean and sustainable. The RGGVY aims at 
firstly electrifying all villages and habitations and secondly 
providing access to electricity for all rural households. 
As part of the National Action Plan on Climate Change 
(NAPCC), the Government of India has launched Jawaharlal 
Nehru National Solar Mission in 2010 and has now proposed 
a National Bio-energy Mission during the 12th plan (2012- 
2017). The challenge now is in identifying the areas in rural 
India in which new and renewable energy products and 
services need to be deployed at an affordable cost. 

The real challenge however is the access to renewable 
energy which is the prime-most and critical component 
for marking success in the access to information part of 
an e-Governance programme. Of course, several Common 
Services Centres of the National e-Governance Plan 
(NeGP) have been provided with solar energy products 
through central financial assistance. Unless solar energy 
is operationalised at the sub-district level, e-Governance 
projects cannot really take off. Key sectors in rural India 
like agriculture, rural development, commerce and trade, 
health (people, livestock, poultry and fish), rural industry 
and education and governance require urgent access to 
uninterrupted renewable power. Therefore, every central 
department should include one chapter on renewable 
energy powered ‘e-Inclusion’ in their plan documents. © 


The author is Deputy Director General, National Informatics Centre 
Government of India, New Delhi Email: moni@nic.in 
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India is now part of the globalised world. Globalisation has contributed 
Significantly to the rapid industrialisation and urbanisation. The 
growing population and its ever increasing energy demands, have 
led to increasing environmental pressure. An unsustainable and 
continuous use of fossil fuels, a finite resource, has created its own set 
of problems: global warming, increased emission of greenhouse gases, 
pollution of air and soil, and lastly degradation of land. 


A. S. RAGHUBANSHI, 
R. P. SINGH and B. SHARMA 





nergy, the prime catalyst for economic growth, is 

vital to the sustenance of a modern nation. Future 

economic growth depends in a very crucial way on 

the long-term availability of energy from sources 
that are affordable, accessible and environment friendly. 
India ranks sixth in the world in total energy consumption 
and needs to accelerate the development of this sector to 
meet its growth aspirations. To meet its energy demands, 
India buys about 70 per cent of the crude oil it requires 
from the global market. This costs the nation 30 per cent of 
its entire import budget. 

Sky-rocketing fossil fuel prices have forced major 
world economies to look at renewable and cheaper 
alternatives to meet their energy demands. According to 
2009 estimates, bioenergy already contributes about 10 per 
cent to the global primary energy supply. Most of bioenergy 
is produced locally and used in the residential sector for 
heating and cooking purposes. 


i Renewable Energy 


Fig 1. Jatropha plantation, Chhattisgarh 


SOURCES OF BIOFUEL 

Primary sources for bioenergy are wood biomass, agricultural 
crops and by-products of municipal and industrial waste. Apart 
from this, a very small share of sugar, grain, and vegetable oil 
crops are also used as feedstock for the production of biofuels. 
The production of biodiesel from vegetable oils and ethanol 
from starch and sugar producing crops have both emerged 
as suitable renewable alternatives to fossil fuels (Fig 1). Their 
quality constituents match diesel and petrol, respectively. 

In terms of energy biofuels provide around 3 per cent 
of total global road transport fuel. The figure is higher in 
countries like Brazil which meets about 23 per cent of its 
demand for road transport fuel with biofuels. Figures like 
these indicate that, in the long run, biomass as a renewable 
energy source may be helpful in reducing India’s dependency 
on imported fossil fuel. Future sources for bioenergy in the 
Indian context may include residues from agriculture and 
forestry, as well as surplus forest production and energy 
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Fig 1. Biomass to energy conversion technology 


crops grown in cultivable soils. There is also a potential that 
additional energy crops can be grown in areas with moderately 
degraded soils or those having moderate water scarcity. 

The long-term potential for energy crops depends largely 
on land availability. Incidentally India has a significant area 
under degraded wasteland which can be potentially used 
for bioenergy feedstock production. This article discusses 
prospects of energy plantations on degraded land so that 
the competition between food crops and bioenergy crops for 
limited fertile land resources may be avoided. 


SOIL DEGRADED 
The information on soil degradation in India has been 
assessed by various agencies. However, these estimates vary 


Fig 2. Jatropha seeds. Chhattisgarh 
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widely due to different approaches in defining degraded 
soils and adopting various criteria for their delineation. 

According to National Bureau of Soil Survey and Land 
Use Planning (NBSS&LUP), 66 per cent of India’s geographic 
area (about 192 mha ) is at varying stages of degradation 
(Balooni and Singh, 2003). On the other hand, according to 
Chambers et al. (1989) the total degraded land area amounts 
to only 84 mha, comprising 35 mha of private cultivated lands 
(field bunds and boundaries) and 49 mha of government- 
owned degraded lands, including village commons (Table 1). 

About 40 mha waste lands of India are potentially 
arable, but nonproductive because of one constraint or 
another. Also, about 85 mha rainfed crop areas are highly 
unstable in terms of production due to erratic rainfall. Soils 
in these areas are also exposed to wind and water erosion 
and are in different stages of degradation due to intensive 
agricultural production. 


USE OF WASTELANDS FOR ENERGY PLANTATION 
Energy plantation is the practice of planting trees, purely 
for their use as fuel. The species to be planted for energy 
plantation should have the following qualities: (i) fast 
growing, (ii) stress resistance, (iii) low palatability to cattle 
and other animals, (iv) propagability, (v) high calorific 
value, (vi) absence of deleterious volatiles, (vii) high yield of 
biomass, and (viii) disease and pest resistance. 

There is an urgent need to screen species meeting above 
criteria for each of the biogeographic zones of India. Some of 
the important generic woody plants species recommended 
are: Acacia nilotica, Albizia lebbek, A. procera, Anthocephalus 
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Table 1. Land Use Statistics of India 


Total Geographical area 328.37 


Total area for which land statistics are 


available 305.67 


Area under urban and non agricultural use 25.92 
Area which are barren and uncultivable 


(e.g. snowbound, rocks etc.) mae 
Area under forests and permanent pasture 80.02 
Culturable waste / potentially arable 13.12 
Agricultural land 140.86 
Fallow land 10.34 
Other uncultivated land excluding fallow 26.82 


land 


Source: Data Book 2011, Indian Agricultural Statistics Research Institute, New Delhi 


chinensis, Azadirachta indica and Bauhinia sp. k 

Government of India has provided an_impetus to the 
plantation of these species along road sides, canals, railway 
lines and waste lands in villages, through social forestry 
to meet fuel demand. These plantations also reduce 
dependency of rural population on forests, thus providing 
added conservation benefits. Sewage sludge from treatment 
plants can be used as fertiliser in these energy plantations. 
They can also be strategically located to manage landscape 
for limiting wind and water erosion. In catchment areas, 
they will also reduce the volume of sediment and nutrients 
transported into river systems. It is recommended that 
biomass plantations be established on degraded land to 
avoid competition with agriculture. Also, environmental 
benefits can be maximised when tree biomass replaces the 
annual crop or heavily grazed pastures as trees can protect 
and improve the soil quality. 

Lignocellulosic energy crops, such as poplar, willow, 
eucalyptus, miscanthus, and switchgrass can be grown in 
suitable identified areas. A number of dedicated bioenergy 
crops are drought tolerant and relatively water efficient 
crops that are grown under multi-year rotations. Jatropha 
curcasis (Fig. 2), a non-edible oil bearing and drought 
resistant hardy shrub with ecological advantages belonging 
to Euphorbiaceae family, is cultivated in central and western 
parts of India. 


BENEFITS 

By adopting such crops, farmers of the rain-fed low profit 
agriculture areas may be able to cope better with erratic 
rainfall. These plantations may also act as vegetation 
filters for the treatment of nutrient bearing water such 
as waste water from households, collected runoff water 
from farmlands and leachate from landfills thereby 
capturing nutrients. 
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Fig 3. A view of a gasifier 


These crops can diversify the fuel supply, enhance the 
national energy security and save foreign exchange because 
of reduced oil import. 

Perennial crops also create better wildlife than annual 
crops as they attract wide variety of species specially birds 
and mammals. Using wasteland for energy plantation will 
lessen the pressure of agriculture, benefit the environment 
and also help the country’s economy by saving foreign 
exchange. 

Power from wood based gasifier is gradually gaining 
ground in India (Chengappa et al., 2000) (Figure 3). There 
are many more technologies which may be used to harness 
energy from energy plantations. Biomass can be produced 
on deforested or otherwise degraded or marginal land that 
is still suitable for reforestation. Such proposed practices 
present limited or zero environmental risks. Therefore, 
sustainable use of these wasteland areas for bioenergy needs 
to be encouraged and promoted in our country. For this, a 
policy around bioenergy needs to be designed. To achieve 
the bioenergy potential targets in the longer term, more 
research efforts are needed to increase biomass yield using 
best sustainable practices. © 


The authors are Director and Asst. Prof. of Institute of Environment 
and Sustainable Development, respectively, Banaras Hindu 
University, Varanasi, Email: raghubansh@gmail.com 
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SOLAR MINIGRIDS 
IN RURAL AREAS OF 
UTTAR PRADESH 


Uttar Pradesh being highly populated with a large geographical area, has 

several problems of energy access and power distribution. For seeking a 

way forward with distribution and deployment of energy, right policy and 
plans are required for better management. 
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he total population of Uttar Pradesh is around 199 
million, out of which rural population is around 155 
million, constituting around 77.7 per cent of the total 
population of the State. The number of rural families 


is around 25 million. 


POWER SCENARIO IN UTTAR PRADESH 

Like many other states of India, Uttar Pradesh is also 
grappling with issues of power shortage. Against the present 
average power demand of around 11750 MW, average 
availability of power is around 9500 MW. Against this supply 
of power, the average power availability in rural areas is 
around eleven hours per day. 
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WHY SOLAR MINI GRIDS? 

There are thousands of hamlets of Uttar Pradesh that either 
do not have grid access or are not getting regular electricity 
supply especially during the peak hours. Thus the rural 
masses are unable to attain a decent quality of living. Erratic 
power supply in rural areas not only affects the daily life of 
residents it also causes enormous economic losses to village- 
based cottage and small industries. Villagers are forced to 
use kerosene lamps even for their basic need of lighting. 
Kerosene is not only unhygienic, but also inflammable and 
a fire hazard. Wherever they can afford it villagers use costly 
diesel generator (DG) sets. Kerosene and diesel also have 
an adverse impact on environment with carbon dioxide/ 





monoxide emission and pollution. 

A solar mini grid plant can be installed anywhere as 
insolation is abundantly available in every geographical 
region of the State. Even remote villages which are not 
connected to the grid or electrified where electricity is 
unavailable during peak hours or is erratic could be provided 
electricity by creating a local grid run on solar energy. This 
could be managed locally with the participation of villagers. 
This off-grid usage of electricity generated through mini 
grid solar power plants will provide business/employment 
opportunities, improve educational standard, reduce use 
of kerosene, reduce carbon emissions and facilitate village 
handicraft. Villagers will be able to perform productive 
activities at all hours of day and night. Consequently, they 
will become economically stronger. 


PILOT PROJECTS OF SOLAR MINIGRID 

In the year 2011-12, on pilot basis, two mini grid solar power 
plants of 1.2 kW each utilising 20 years old solar photo voltaic 
(PV modules) were installed in Firozabad and Gonda districts. 
Firozabad: Mini grid solar power plant in AC mode with 
aggregate capacity of 1.2 kW was installed in the village of 
Mandai Kalan, located 52 km from district headquarters—a 
flood prone village situated on the banks of the Yamuna. In 
the rainy reason this village is almost completely inundated: 
therefore grid access is not feasible. The major activities of 
the villagers are agriculture and dairy farming. The mode of 
power supply was 220V AC. Each house was provided with 2 
LED lamps of 2 W and 1 W, and a mobile charging facility. A 
Centralised Mobile Charging station was provided to charge 
30 mobiles in a day. The plant was designed to supply power 
to between 180 and 200 households and supply ranged 
between 4 and 5 hours per day. Timer was provided to 
regulate supply hours of different intervals according to the 
requirements of the villagers. 

Gonda: Solar power plant in DC mode with the aggregate 
capacity of 1.2 kW installed in an un-electrified village called 
Mathia, in block Paraspur, located 36 km from the district 
headquarters. It is a flood prone village situated in between 
the rivers Saryu and Ghagra. In the rainy season, the village 
is almost inundated and cut off from district headquarters, 
such that grid access is not feasible. The major activity of the 


Capacity of solar PV plant in 
each village is 1.2 kW. Each 
house has been provided with 2 
LED lamps of 1.5 W each with a 
mobile charging facility or 2 of 
LED lamps of 2 W and 1 W anda 
mobile charging facility. 
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villagers is agriculture. The mode of power supply was 24V 
DC. Each household has been provided with 2 LED lamps 
of 1.5 W each, with a mobile charging facility. The plant 
was designed to serve 180 to 200 households. A timer was 
installed to regulate the time period of the power supply as 
per the requirements of the households. 


SCALING UP 

With this experience from pilot projects, in the year 2011-12, 
Uttar Pradesh New and Renewable Energy Development 
Agency (UPNEDA)has installed and commissioned 24 V DC- 
based solar mini grid power plants in 23 villages and hamlets 
in 11 districts of the State, covering around 4,000 families 
including some from the scheduled castes and scheduled 
tribes. Capacity of solar PV plant in each village is 1.2 kW. Each 
household has been provided with 2 LED lamps of 1.5 W each 
with a mobile charging facility, or 2 LED lamps of 2 W and 
1 W and a mobile charging facility. Prepaid meter has been 
provided for each connection. A timer has been installed with 
charge controller to regulate the time period of the power 
supply as per the requirements of the households. 


OPERATION AND MAINTENANCE 

For operation/maintenance and collection of user charges, 
a person from the community itself (plant operator) has 
been identified and deployed by the gram panchayat, as 
this person can easily approach and interact with village 
people and ensure smooth functioning of the mini grid solar 
power project. This operator is responsible for day to day 
repairs and maintenance of the system and the collection of 
monthly user charge of Rs. 150 per connection. A monthly 
honorarium of Rs. 150 and routine maintenance charges for 
the system are to be deducted from the accumulated user 
charges. Batteries are also to be replaced by UPNEDA after 
five years, out of the accumulated user charges. 


ISSUES AND CHALLENGES 

m With lights and the mobile charging facility available, the 
villagers now want to be able to use fans and televisions. 

w Due to increasing power demand of villagers, the project 
cannot be implemented on a defined pattern; therefore, 
the project should be implemented in such a way as to cope 
with the flexible demands of villagers. 

a For day to day maintenance of the system, training of the 
plant operator is required. 

m Awareness needs to be created among the villagers for 
proper use and smooth functioning of the plant. 

m The project could be linked with employment generation 
activities. 

a Village panchayat office bearers could also be educated 
through awareness campaigns for the need and importance 
of local grid for sustainable growth of their villages. © 


The author is Project Officer (minigrid) UPNEDA, Lucknow 
Email : ho_ashok@rediffmail.com 
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The Energy Efficiency and Renewable Energy Management Centre (EE&REM) is 
the Delhi State Nodal Agency for implementing renewable energy and energy 
efficiency schemes. The Agency strives to create mass awareness in the field 
of renewable energy by conducting various fairs. For this purpose, the EE&REM 
Centre organises an annual ‘Rajiv Gandhi Akshay Urja Diwas’ with various 


stakeholders dealing in renewable energy. 


he city of Delhi possesses plenty of well-known 

monuments that are illuminated by solar energy and 

the number of environment-friendly monuments 

in Delhi is growing day by day. Over the last three 
years, the Delhi Government has acquired vast experience 
in the promotion of solar energy. Various UNESCO World 
Heritage Sites managed by the Delhi Government are 
being switched over from conventional electric power to 
solar power for illumination. These sites include: the 13th 
century Qutub Minar, the 16th century Tomb of Humayun, 
and the 17th century red sandstone Red Fort. A total of six 
such sites will ultimately use solar energy installed by the 
Delhi Government. The Jantar Mantar solar power plant 
generates 9 kW of power with installation costing Rs. 25 
lakh. Also, the solar power plant at Safdarjung Tomb 
producing almost 10.4 kW of energy cost about the same. 
These solar power plants are financed by the Ministry of 
New and Renewable Energy (MNRE) under their special 
area demonstration programme. These two solar power 
plants, with a total capacity of 19.4 kW, generate 28,078 
units of electricity annually. With the success of these two 
measures it was decided to expand the use of solar power to 
other tourist sites. 

The EE&REM Centre of the Department of 
Environment, Government of Delhi, is responsible for 
the installation of these solar power plants, as the Delhi 
State Nodal Agency (SNA) for the implementation of the 
renewable energy programme. 

Other sites like the Qutub Minar, Humayun’s Tomb, and 
the Red Fort are under the authority of the Archaeological 
Survey of India (ASI) —that means that these sites are 
protected sites and require permission from the ASI to 


The Jantar Mantar solar power 
plant generates 9 kW of power 
and it cost Rs. 25 lakh to install it. 
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install solar energy. The Government is also planning to 
install solar energy to illuminate the Old Fort, the Lotus 
Temple and Jama Masjid. 

The MNRE under the programme Special Area 
Demonstration Project (SADP) was created to encourage 
states to promote and disseminate the use of renewable 
sources of energy and also to find alternative sources of 
energy. The Department State Nodal Agency (SNA) gets a 
subsidy for the installation of SPV Systems. 

Both the monuments—Jantar Mantar and Safdarjung 
Tomb, are under the ASI and the solar energy projects 
executed here were funded by the MNRE. In all, 28 
monuments have night time illuminations in Delhi. Of 
these, 13 are with ASI and 15 with the state archaeology 
department. Jantar Mantar and Safdarjung Tomb are also 
on this list—where solar energy was used to illuminate 
them as an experiment. The installation of a 1 kW solar 
power plant requires an area of 10 to 14 square metres. 


SOLAR-POWERED MONUMENTS IN 

THE FUTURE 

After successfully illuminating Jantar Mantar and 
Safdarjung Tomb using solar energy generated on the 
premises of these heritage sites, Delhi State Industrial and 
Infrastructure Development Corporation has set its eyes on 
the Red Fort, the Lotus Temple and even the Tihar Jail. At 
the India International Trade Fair, the State Government 
showcased the success stories of Jantar Mantar and 
Safdarjung Tomb. Both these sites are under the ASI and the 
solar energy projects executed were funded by the MNRE. 
In all, 28 monuments have been illuminated. Of these, 
13 are with the ASI and 15 with the state archaeological 
department. In conclusion, we can note that solar energy 
will be a great source of alternative energy for a city like 
Delhi which faces high power demands as these will only 
grow in the years to come. © 


The author is OSD, Energy Efficiency and Renewable Energy 
Management Centre, Department of Environment, New Delhi. 
Email : osd_eerem@yahoo.com 
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With renewable energy 
installations making new 
inroads into the lives of 

the remote villagers—it is 
time that the Chhattisgarh 
Government accorded a 
higher priority to renewable 
energy in their annual plans 
to ensure faster socio- 
economic development 

of the insurgency affected 
areas. 


UV Sae d 
t 


Ni ma ani, mrep 7 ath tt ea o 
A mee UE SERT are (hs " 
- on ‘ ~ e ott f Ni 
et. T Lr ¥en the ey er 
= td > ea rhe wm! fe y - 
W“ st - 


aoe 


er Te 


S. K. SHUKLA 


Ra 





uy 
rA 
uo thig 
ETOR 
d 


Me i, at 

Jr 
setae 
un 


Asra 


E 





or decades, the tribal community 

of Chhattisgarh lived without 

electricity. Their life was centered 

around the sun. Their day began 
at dawn and was over by the time dusk fell 
upon their village. The economic progress 
of the rest of the country left these villages 
untouched. The times, however, began 
to change in 2001 when Chhattisgarh 
Renewable Energy Development Agency 
(CREDA) undertook a project to bring 
light to some of the villages. Braving the 
harsh climate and difficult terrain, CREDA 
teams installed solar power plants of 2-6 
kW. The project is still on with a clean 
health and safety record. This mega project 
empowered more than 4,50,000 people 
in this tribal state and brought electricity 
to more than 55,000 households. Women 
could cook after sunset in solar light and 
children could study. And thanks to the solar 
streetlights, people could extend their work 
in the fields and also experience a higher 
degree of safety. It was also reported that 
incidents of snakebites fell dramatically. 
The area is also affected by Naxal-induced 
insurgency making it further difficult for 
government functionaries to perform 
si AN HA, $ optimally. However, overriding a multitude 
i. ii k WS l SAS Í of problems CREDA has undertaken 
Children studyi with Da nia wr S% several activities in Chhattisgarh. 
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126 VILLAGES ELECTRIFIED IN BASTAR 

The Chhattisgarh government has found a novel way to 
tackle the insurgency problem in Chhattisgarh. Instead of 
deploying more gun-toting personnel, the state government 
decided to electrify insurgency affected villages. This was 
also a long-pending demand of the area as it was a daunting 
task to carry out night operations in these areas without 
power. 

As part of government's ambitious rural electrification 
programme, the state government has entrusted this task to 
the CREDA. To begin with, the agency selected 126 villages 
in Bastar district to be illuminated with solar energy. The 
Central Government has already sanctioned the much- 
needed fund for the novel project and the work is ongoing 
in all 126 villages of the most insurgency-prone district in 
the State. 

Under the project, CREDA will be providing three types 
of solar power connections to people here: 17, 38 and 74 
W home lighting systems or power plants. Under 17 W, a 
villager would get two points to electrify his hutment while 
those having bigger houses and opting for 38 W would get 
three points. Villagers seeking 74 W connections would 
be provided with four points for lights and a fan. Besides 
electrifying hutments, the agency is also illuminating 
entire village by providing street-lights at an interval of 
every ten houses. In fact, with a view to meeting the target 
of the State Government to electrify 1500 villages by 2014, 
the CREDA will be reaching out in areas inaccessible by the 
Chhattisgarh State Electricity Board (CSEB). The agency 
has set a target of electrifying all villages by 2014. 

Solar photovoltaic (PV) systems have shown their 
potential in rural electrification projects around the world. 
Initially, about 1250 remote non-electrified forest villages, 
which could not be electrified through the conventional 
power, were required to be electrified through non- 
conventional energy especially in the forested and remote 
regions (Chhattisgarh has about 44 per cent of its area 
under forests). Apart from electrification of un-electrified 
villages for lighting along with water pumping for drinking 
water and commercial purposes - social, educational and 
economical upliftment of consumers was also enlisted as 
part of CREDA’s mandate. 


FIRST SOLAR PV POWER PLANT 

In the year 1992 the very first solar PV power plant was 
installed in village Lamni, in the district of Bilaspur. This 
plant is still working successfully. Since the formation of 
CREDA, more than 950 villages have been electrified using 
solar PV. All these villages are remote, tribal and most of 
them are in the insurgency affected areas. 

The electrification is done in two different ways. In 
heavily populated villages centralised solar PV Power Plants 
(SPVPP) are installed and from these power is transmitted 
to individual houses. Several street lights are also installed 
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Remote village electrification in Chhattisgarh 


to illuminate streets and prominent points like hand pump 
locations etc. In the small villages the electrification is done 
with the help of separate solar PV home lighting and street 
lighting systems. 

In these areas a village electrification committee (VEC) 
in each of the project site is formed to take care of primary 
operationand maintenance. The total planning of operations 
and maintenance (O&M) of the project is prepared in 
such a way so as to ensure optimum functionality of the 
systems to support. For operation and maintenance of the 
systems, cluster technicians are appointed to monitor and 
maintain and to support them - technical staff of CREDA 
also monitor the systems regularly. 

Every beneficiary contributes in the form of connection 
tariffin this regard just to support the mechanism for O&M. 
For the maintenance of SPVPP, VECs in every village play a 
key role. Every beneficiary family pays Rs.15 per month to 
the VEC for the maintenance of the system. A local person 
has also been trained to operate the system. One mechanic 
is appointed to look after the systems, per five to six villages 
and is appointed by the VECs. 


PRIMARY HEALTH CENTERS 

Various instruments like incubators, refrigerators, X-ray and 
ECG machines require electricity and solar PV electrification 
has made it all possible in non-electrified health centers. So 
far, 542 health centers have been electrified in insurgency 
prone areas through solar PV systems. 


SOLAR PV STREET LIGHTING IN CITIES 

At Raipur, solar PV street lights have been installed at places 
like the Vidhan Sabha, Gandhi Udyan, Jawahar Udyan, Raj 
Bhawan, Chief Minister’s Residence, Speaker's Residence, 
and the Chhattisgarh Officers Club. Similarly solar PV street 
lights have been installed in the Energy-Park developed 
by CREDA. Solar street lights are installed in Bijapur, 





February 2013 
Volume 6 4 Issue 4 


21 


RE Feature 


Jagdalpur, Narayanpur, Kondagaon, Geedam, Konta and 
Sukama—all cities in the Bastar area. These cities used to 
face ‘blackout’ problems during Naxal driven agitations. 
During blackout period, community life can be extended by 
six to seven hours through solar PV electrification during 
which important social activities related to education, and 
health care may be carried out. 


SOLAR PV FOR FOREST REST HOUSES 

Forest rest houses in remote areas like the wildlife 
sanctuaries at Bar-Navapara, Udanti and Tourenga have 
been illuminated through solar PV systems. In fact the Bar- 
Navapara Tourism Cottages are now electrified through 
solar PV systems. Kailash Gufa in Surguja district and 
Bhoremdeo in Kabirdham district are some other prime 
tourist places which are being electrified using solar PV 
systems. 


SOLAR PV FOR TELECOMMUNICATIONS 

Wireless in local loop (WLL) is required for 
telecommunications in a limited sphere. Normally, WLL is 
used in areas where other systems of telecommunication 
cannot be provided. In the non-electrified areas where 
WLL is to be provided, the need of electricity can be 
fulfilled through solar PV systems. The WLL at village 
Sarora Dadar, in the district of Kabirdham is running 
through such a system. The cost of such electrification as 
compared to the conventional electrification is relatively 
less. Provision of solar PV systems has also eliminated the 
cost of telephone cables and transmission lines. 


Solar water pump in a remote village in 
Chhattisgarh 
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POLICE STATIONS GIVEN ELECTRICITY 

The police department today is fully dependent on solar 
systems in remote insurgency prone areas of the State. The 
Naxals normally disconnect the electricity of the police 
station and police camps before an attack. Running on 
independent solar PV systems it is not possible to cut off 
the powerlines from outside the camp or thana. A hundred 
and seventy-eight police stations and 48 base camps of 
para-military forces have been electrified using solar PV 
systems. They are presently using solar electricity for 
lighting and for powering their computers. 


TRIBAL HOSTELS 

As in the health care sector, it has been observed that basic 
lighting and audiovisuals can help professionals working 
in remote areas to increase their standard of living and 
motivate them to work proactively. With the youth of tribal 
hostels gaining access to solar lighting - it allows them to 
prepare for classes by studying at night and helps them to 
stay informed, through radio and TV, which should have 
their effect on the quality of education. In remote rural 
villages, schools and other community centers (like temples 
and churches) are often a focal point for the community, 
with great potential for the integration of community 
development and educational goals. Basic lighting in the 
evening can facilitate after-dark activities like community 
reunions, adult education, religious activities and festivities. 
Over 1552 tribal hostels have been electrified in such areas. 
The vast majority of hostellers pass their exams with 
good marks. 
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A livelihood procured through solar lighting 


523 SOLAR WATER PUMPS 

The main objective of the solar PV water pumping scheme 
is to facilitate power for pumping particularly in non- 
electrified villages and provide drinking water and irrigation 
for small vegetable fields. Initially this was started from 
village Jabarrain in Dhamtari district, where a solar PV 
pump was installed for drinking water supply for a village 
of 73 families most of which belonged to the Kamar tribe. 
A total of 523 solar PV water pumping systems have been 
installed so far by CREDA. Most of the pumping systems 
installed are of 1800 W PV array capacity and used to operate 
DC motor pumps set. 


IN CONCLUSION 

The Central and State Government view the insurgency 
menace as an area of serious concern and are determined 
to address the problem. Keeping in view that insurgency 
is not merely a law and order problem, the policy of the 
government is to address this menace simultaneously 
on three fronts: political security, development and 
public perception management. The states from where 
insurgency driven activities are reported should have a 
different approach with special focus on accelerated socio- 
economic development of the backward areas and regular 
inter action with NGOs, the intelligentsia, and civil liberties 
groups. This will restore people’s faith and confidence 
in the government machinery. A focus area should be 
towards speedy implementation of physical infrastructure 
like roads, communication, power etc. and to provide 
employment opportunities to the youth in these areas. © 


The author is Director, Chhattisgarh State Renewable Energy Agency 
Email : mrshailendra.shukla@gmail.com 
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pip You KNOW? 


INTERESTING 
FACTS ABOUT 
GEOTHERMAL ENERGY 


Geothermal energy got its name from 
q Greek words: geo (earth) and therme 
(heat), and therefore geothermal 
energy is Earth's heat. The Earth's core is 

hotter than the sun's surface! 


Geothermal energy can be found in 
the form of volcanoes, hot springs 
and geysers. 


Geothermal energy supplies 
less than 10 per cent of the world's 


energy. 


People have used geothermal 

energy for thousands of years. 

Ancient Romans, Chinese, and 
Native American cultures used hot mineral 
springs for bathing, cooking and eating. 


The oldest known spa fed from a 
a hot spring is believed to be a stone 
pool found on Lisan Mountain in 
China, built in the 3rd century BC. 
Geothermal energy use has very 
Ge emissions of greenhouse 
gases. 


Geothermal heating applications 
f roud industrial uses, heat pumps, 
space heating and bathing in hot 
springs. 
For every 100 meters you go below 
ground, the temperature of the 
rock increases about 3° Celsius. 
Or for every 328 feet below ground, the 
temperature increases 5.4° Fahrenheit. 








Source - Green Mountain Energy 
(www.greenmountain.com) 





_ February 2013 


alimana C Le inn... 








22 


RE Feature 





USE OF BIOMASS IN 


BRICK‘KIENS 


Bricks have been used as construction material for many 
millennia and have been found in many historic sites all over 
the world such as in valleys of Indus and Ganga rivers where 

ancient civilisations flourished from at least 3300 B.C. 


SHUCHI VERMA AND JAI UPPAL 


A view of a biomass fired brick kiln:in Uttar Pradesh 
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ricks have been used as construction material 
for many millennia. They have been found at the 
historical sites all over the world, including valleys 
of the Indus and Ganga rivers where ancient 
civilizations flourished as early as 3300 B.C. For example, 
at Mohenjodaro there is evidence to show that perfectly 
formed uniform bricks were fired in brick kilns and used 
extensively for making buildings. The structures there 
include houses, the ‘Great Bath’, granary, roads and toilets. 
The main raw material for making bricks is clay which can 
vary considerably in physical properties, colour, hardness, 
and mineralogical content. However, the raw material must 
essentially have the ability to be crushed and mixed with 
water to form a plastic material which can be moulded into 
various shapes required. In addition, upon heating to a high 
temperature these bricks should become hard, have high 
compressive strength and be weather resistant. 

It is estimated that world-wide there are 300,000 brick 
kilns with a total production of 1350 billion bricks per year. 
Brick production is concentrated in four countries which 
account for about 75 per cent global production—China 
with 54 per cent; India with 11 per cent; Pakistan with 8 
per cent; and Bangladesh with 4 per cent. This article is 
based on the interaction with various central and state 
brick manufacturers’ federations or associations. It should 
be noted that the data available about the brick industry in 
India is sketchy and not well documented. 





AVAILABILITY OF DATA 

The Apex National Federation of Brick and Tile 
Manufacturers has 9117 life members, even though the 
total number of bricks kilns in India is estimated to be as 
high as 100,000. This industry is unorganised and mostly 
based on small scale sector units. Difficulty in getting 
data is compounded by the fact that a large part of the 
production may not be accounted for in the official books 
of manufacturers. For instance, a field survey of biomass 
used in Rajasthan, covered biomass consumption based on 
about 1830 kilns whereas the state association estimates 
that there are about 3000 brick kilns in the State. 


BACKGROUND 
The output of the Indian brick industry is the second 
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largest in the world after China. It was estimated that total 
production of bricks in the country is about 140 billion 
per year in 2000-01. The growth rate of the industry was 
estimated to be approximately at 9 per cent per year in 
2000-01 while other growth estimates range from 5 to 10 
per cent per annum. A study estimated that the building 
construction sector in India will grow at compound annual 
growth rate (CAGR) of 6.6 per cent per year in the period 
2005-30 . 

By 2001, using the age-old manual moulding processes, 
the estimated requirement of top soil for brick manufacturing 
was about 350 million tonnes per year. Because of accelerating 
economic growth there has been a growing demand for 
building materials, particularly bricks in the country. It 
should be noted that the major concentration of brick kilns is 
in the rural areas in the proximity of rapidly expanding towns 
and cities. Urban demand for bricks is growing exponentially 
because of the requirement for infrastructure, commercial 
and residential buildings. 


RISING DEMAND FOR COAL 

In case a growth rate of 6 and 9 per cent per annum is 
assumed, the total annual production of bricks would be 
around 266 and 361 billion respectively, for the year 2011-12. 
Furthermore, assuming a coal consumption of 17.14 tonnes 
per one lakh bricks, the corresponding consumption of 
coal would be 46 million tonnes and 61.9 million tonnes, 
respectively. (Table 1— assumed that there is no increase in 
efficiency or switching of fuel). 

The estimates in Table 1, which shows a demand of 61.9 
million tonnes, or even 46 million tonnes of coal for the brick 
kiln industry in 2012, are significantly high—especially at a 
time when there is a shortage of coal in India. The good news 
from major north Indian states is that in the last few years 
there has been a rapid shift from using coal to using biomass 
for firing bricks in the brick kiln industry. 


COMPARATIVE COST OF COAL AND BIOMASS 
FIRED KILNS 

Based on data received, the consumption of coal in a coal 
based kiln in a traditional fixed chimney-Bull’s trench kiln 
(FCBTK) is 136.4 kgs of coal per 1000 bricks. The cost of 
coal in a coal based brick kiln is estimated to be Rs. 1022 


Table 1: Estimated Production of Bricks and Corresponding Coal Consumption 


Estimated Brick Production 


(Assumed growth rate 
9 per cent) (in billion) 





2000-01 140 24.0 
2005-06 215 36.9 
2011-12 361 61.9 
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Estimated Coal 
Consumption (MT) 


Estimated Coal 
Consumption (MT) 


Estimated Brick Production 
(Assumed growth rate 6 per 
cent) (in billion) 





140 | 24 
187 32 
266 46 
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per 1000 bricks with the coal rate of Rs. 7500 per tonne at 
Jaipur. On the other hand biomass based fuel consumption 
is 254 kg/1000 bricks. The cost of biomass is approximately 
Rs. 765 per 1000 bricks when the average price of biomass 
is Rs. 3000 per tonne at Faridabad. Thus fuel cost in the 
biomass based kiln is about 75 per cent that of coal based 
with a difference of Rs. 257 per thousand bricks. Therefore 
with a production of 75 lakh bricks per year a saving of 
nearly Rs. 19.3 lakhs per annum is possible. However, the 
coal based brick manufacturers insist that they are able to 
get better price for their bricks as they are able to produce 
more grade I bricks than those produced based on biomass 
kilns. Considering the firing process, the strength of coal 
fired bricks is relatively higher as compared to biomass 
fired bricks. However, since the structures of building 
nowadays is column based, therefore the walls are no longer 
load bearing but partition walls—as a result biomass based 
bricks are gaining acceptance from builders. 


DIFFERENT TYPES OF KILNS 

Major types of technologies used for manufacture of bricks 
in India include clamp type, FCBTK or moving chimney 
BTK, natural and fixed draft zig-zag kiln, vertical shaft brick 
kiln (VSBK), down-draught kiln and others. However, there 
has been very little impact of more efficient technologies on 
the brick industry as the industry continues to use traditional 
FCBTK. It has been estimated that 70 per cent of the brick 
production in India is from such kilns. The most popular 
brick kiln technology used in north India is natural draught 
FCBTK. The traditional straight line firing BTK is reported 
to be about 10 per cent less energy efficient as compared to 
zig-zag BTK and has a higher carbon foot-print. 


FUEL CONSUMPTION OF VARIOUS BRICK 
KILNS 

First comparison: The energy consumption VSBK, at 0.7 
MJ/kg of fired bricks, has been estimated to be half of that 
of FCBTK, which is 14 MJ/kg of fired bricks. 

Second comparison: For moving chimney BTK the coal 
consumption ranges between 20 to 24 tonnes per lakh 
bricks, whereas for fixed chimney it is around 16 to 20 
tonnes per lakh bricks. 

Third Comparison: Based on data from a well-established 
coal based kiln in Rajasthan it was found that the coal 
consumption in this kiln was 13.7 tonnes of coal per one 
lakh bricks compared to the consumption of fuel in a well- 
known biomass FCBTK in Haryana where it was found that 
the biomass consumption was 25.4 tonnes of biomass per 


one lakh bricks. 


NORTH INDIA: REVIEW 
It has been estimated that there are about 25,000 brick kilns 
in Haryana, Punjab, Rajasthan and Uttar Pradesh which 


February 2013 


Vahima A & lecia A 








Biomass handling and transportation 


produce about 32.5 billion bricks annually. Uttar Pradesh 
has the largest number of brick kilns accounting for nearly 
65 per cent of the kilns while the other three states share an 
almost equal number of kilns. The percentage of biomass 
used by the brick kiln industry are: 

= Punjab — 5 per cent 

m Uttar Pradesh — 30 per cent 

ew Haryana — 60 per cent 

= Rajasthan 98 per cent 


BIOMASS USED IN BRICK INDUSTRY OF 
HARYANA 

Total number of brick kilns is reported to be 3000 in the 
State, with an average production per brick kiln estimated 
to be 4.5 million bricks per year. It is further reported that 
60 per cent of the brick kilns operate on biomass while 
the balance use coal. Various types of biomass are used 
in Haryana depending on availability. The most popular 
biomass used is mustard crop residue; some amount of 
guar crop residue or stalks; soya crop residue or husk; and 
even wood are also used as fuel. In the beginning of the 
season in November biomass from soya residue is used, 
in December guar based biomass is used while January 
onwards to February old mustard husk is used. From the 
middle of February to June fresh mustard husk is used. 
One of the large biomass based brick kiln uses 50 per cent 
mustard husk, 35 per cent guar crop residue or stalks, 15 


a 


ne 


per cent soya crop residue or husks, and a small amount of 
wood. This kiln consumes about 2130 tonnes of biomass, at 
full capacity. 


BIOMASS USED IN BRICK INDUSTRY OF 
PUNJAB 

The total number of brick kilns in Punjab is reported to 
be around 2600. Average production per kiln in the State 
is estimated to be 4 to 5 million per year. The percentage 
of biomass used in brick kilns in Punjab is estimated to be 
only 5 per cent with wood accounting for 1 to 2 per cent. 
The region using most quantity of biomass is reported to be 
the Bhatinda which uses the mustard crop residue. 


BIOMASS USED IN BRICK INDUSTRY OF 
RAJASTHAN 

The total number of brick kilns in Rajasthan is reported to 
be 3000. The average production of bricks in a kiln is about 4 
million bricks per year. It is reported that 98 per cent of brick 
kilns operate on biomass with only a few of them operating 
on coal. Even coal based kilns appear to be contemplating 
conversion to biomass, as coal prices rise rapidly. Rajasthan 
is one of largest producer of mustard seed with an estimated 
production of 2.7 million tonnes per year (45 per cent of 
the nation’s production). Therefore, mustard crop residue 
is abundantly available to be used in the brick kiln industry 
and biomass power sectors. At different times different 
types of biomass are available to the brick kiln industry. 
These include mustard husk, Juliflora Prosopis, groundnut 
shell, cotton stalks and others. Mustard crop residue is the 
dominant biomass used in the brick kiln industry accounting 
for an estimated 80 per cent. Interestingly, in this State the 
use of straw as a biomass for industry is not permitted—as 
there is an acute shortage of cattle feed. One survey estimates 
that 1.6 million tonnes of biomass is used in Rajasthan by the 
brick kiln industry. As for coal use, one coal-based brick kiln 
surveyed used between 750 tonnes to 1050 tonnes of coal per 
year depending on the production. 


BIOMASS USED IN BRICK INDUSTRY OF 
UTTAR PRADESH 

The total number of bricks kilns in Uttar Pradesh is 
reported to be around 16,000. The average production of 
bricks in a reasonable sized brick kiln is about 3 million 
bricks per year. About 25 to 30 per cent of the fuel used is 
biomass. Mustard crop residue is the most popular biomass 
used in the brick kiln industry. Many kilns are firing wood 
along with coal. Here wood is reported to be accounting for 
around 20 to 30 per cent of the fuel mix used. 


BIOMASS CONSUMPTION IN MAJOR STATES 
OF NORTH INDIA 


The estimated annual consumption of biomass in the brick 
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PUNJAB 


1.49 





Fig 1. Estimated Total Biomass Consumption in Four Major States of 
North India (tonnes per year) (2011-12) 


industry in the four major states of north India given in Fig 
1. Based on the above given data it can be seen that Uttar 
Pradesh and Rajasthan are the largest consumers of biomass 
with each consuming about 30 lakh tonnes per year while 
Haryana is a major consumer with a consumption of 20 
lakh tonnes per year. The use of biomass in the brick kiln 
industry is limited to Punjab with a consumption of only 1.5 
lakh tonnes per year. 


CONCLUSION 

Solid bricks are most popular in the country and the 
process of making these is still largely manual and highly 
labour intensive. With the introduction of the Mahatma 
Gandhi National Rural Employment Act and the rapid 
development of the country there is an increasing shortage 
of labour and the costs are rising steeply making increasing 
mechanisation inevitable in the coming years and decades. 
The rapidly rising coal prices will force the industry to 
either adopt more energy efficient kilns or to switch over 
to biomass based fuels. 

Moreover, with rising cost of inputs including soil 
and sand, it appears that brick making technology is on 
the verge of revolution which will make this industry less 
resource intensive, more energy efficient and result in 
benefits to the consumer. Hopefully, this will also contribute 
to the energy security of India and reduce emissions of 
green house gases. With the landed price of coal mounting 
there is a definite price advantage of biomass over coal, 
and the use of biomass is bound to go up. The quality of 
bricks being made from biomass firing is said to be inferior 
to bricks made from coal firing—but with the switch over 
to reinforced concrete construction the relevance of the 
superior quality of coal fired bricks is declining. © 


The authors are Asst. Prof. Maiteryi College, Delhi University; and 
Senior Consultant Renewable Energy, Samyak Vikas Sansthan (SVS), 
respectively. Email: jaiuppal@gmail.com 
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Organic solar cells, mostly flexible and lightweight, 
are the innovative materials for development of 
energy source. With significant advantages in terms 
of increasing production from renewables, they are 
cost effective, environment friendly, and very user 
responsive. 
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rganic solar cells are mostly flexible and 
lightweight—a good solution to low cost energy 
production, which can have a manufacturing 
advantages over inorganic solar cell materials. 


HISTORY OF ORGANIC SOLAR CELLS 

An organic solar cell uses organic electronics, which deals 
with conducting polymers or small organic molecules. In 
1959, Kallamann and Pope reported a photovoltaic effect 
in a single crystal of anthracene which was sandwiched 
between two similar electrodes and illuminated from 
one side. But they could not explain the phenomenon 
completely. 

The first organic solar cell was reported by Tang in 1986, 
with a power conversion efficiency of 1 per cent (Tang et 
al.). The simple working principle for photovoltaic devices 
is that of ‘light in and current out’ which can be analysed 
by seven processes: photon absorption, exciton formation 
and migration, exciton dissociation, charge transport 
and charge collection at the electrode. The structure 
of an organic solar cell is very simple. A setup with one 
photoactive material and electrodes constructed at top 
and bottom can show a photovoltaic current. In Figure 
1, the organic solar cell consists of a photoactive layer 
composed of two different materials: donor and acceptor. 
Here the conducting glass acts as an anode and the metal 
acts as a cathode. The donor and acceptor material has 
two energy levels one is the Highest Occupied Molecular 
Orbital (HOMO) and the other is the Lowest Unoccupied 
Molecular Orbital (LUMO) and the energy gap between 
these two layers is the band gap. 

There are fundamental differences between an inorganic 
semiconductor and organic semiconductor. The most 
obvious difference is that in an inorganic semiconductor the 
free charge carriers, electrons and holes are created directly 
upon light absorption, while electrostatically bound charge 
carriers, excitons are formed in organic semiconductor. 
The dielectric constant of organic semiconductors is low as 
compared to inorganic semiconductors. The other primary 
difference is the small Bohr radius of carriers in organic 
semiconductors as compared to inorganic semiconductors. 
An organic semiconductor has simpler processing at lower 
temperatures (20-200°C) than an inorganic cell, like Si 
(400-1400°C). The advantage of organic solar cells over 
electrochemical cells is the absence of a liquid electrolyte. 
The thickness of the active layer of organic solar cells is 
only 100 nm thin, which is 1000 times thinner than Si-solar 
cells and 10 times thinner than inorganic thin film solar 
cell. So, organic solar cells have potential for low cost and 
large area application. These can be deposited on a flexible 
substrate and the material can be tailored according to 
the demand. 
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Fig 1: Typical mechanism of organic solar 


It has been found from published literature that the 
highest efficiency in organic thin film solar cells, as reported 
in 2012, is 10.7 per cent efficiency for Mitsubishi and 6.8 per 
cent efficiency (organic sub module efficiency) for Toshiba. 
The highest efficiency for different years and the fill factor 
of organic thin film solar cells and organic sub modules is 
given in Table 1 (Martin A Green et al.). 


CHALLENGES FOR IMPROVEMENT 

There are three issues that one needs to overcome in 
developing organic solar cells. Firstly, in terms of the 
crucial efficiency value, organic solar cells are still inferior 
to all inorganic counterparts. The second issue is device 
stability under ambient operating condition while the third 
is processing technologies for mass production. 


Increasing the efficiency 

The available conjugated polymers for organic solar cell 
are of band gaps >2 electronvolt(eV). Hence there is a 
clear mismatch between the absorption spectrum of the 
materials and the solar spectrum, which extends into the 
near infrared. 

By introducing low band gap materials the solar photon 
harvesting can be increased. Recently, Sheng et al. reported 
a process of synthesis of poly 3 hexyl thiophene (P3HT) 
with low band gap which can increase the efficiency up to 17 
per cent (Fig 2). They incorporate 1 weight percent P3HT 
into the PCPDTBT/PC61BM system to make a ternary 
active layer to enhance the power conversion efficiency. 
P3HT can improve the phase separation of the active layer 
and also increase the light harvesting into the 400 to 500 
nanometre (nm) range. 

To achieve high quantum efficiency, all photo-generated 
excitons have to reach and dissociate at a donor-acceptor 
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Table 1: Efficiency list of organic solar cell for different years 





Organic thin film 
FF 


rganic sub module 
FF 


Efficiency Reported by Efficiency Reported by 
2012 68.9 10.7+03 ele 62.8 6.8+0.2 ery prea 
2011 66.1 10+03 ee sen 477 4.2+02 red hg 
2010 70.2 8.3+0.3 Konarka 48.3 3.5+0.3 Solarmer 
2009 62.5 515+0.3  Konarka 51.2 11+0.3 isei pemi 


interface and subsequently all created charges have to 
reach the respective electrodes. The two main approaches 
can be identified as either modification of the photoactive 
layer itself or introduction of transport or blocking layers 
for an improvement of the contacts. Recently Ju Min Lee 
et al. reported carbon nanotube hybrid material as a layer 
for exciton dissociation and charge transport enhancement 
and the quantum efficiency was reported as 8 per cent. 
They proposed that it can increase the diffusion length of 
the material. So the charge transport can be easily done 
without losing the electron by recombination. Chien Jung 
Huang et al. reported that the buffer layer in the organic 
solar cell can improve the efficiency of the cell by increasing 
the ability of electron transfer. A buffer layer is the layer 
between the electrode and photoactive layer, which can be 
applied in both sides in anode or in cathode side. By using 
this layer the charge transport can be easily done. 


Stability of the device 
Although the efficiency reached has been 10 per cent, 
the stability has not been so good. Scientists are trying to 
improve the performance in terms of power conversion 
efficiency and operational stability for organic solar cells 
and are rapidly approaching the key 10-10 targets (10 per 
cent efficiency and 10 years of stability). 

Organic solar cells get degraded very fast. The materials 
used in organic solar cell are very sensitive to oxygen and 





Fig 2: P30T-PCBM organic solar cells deposited on ITO glass 
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moisture. Maxim et al. reported that water is the primary 
species to degrade the solar cell. So the encapsulation of 
the cell should be such that the oxygen and moisture should 
not come in contact directly with the materials of the solar 
cell. The research in the encapsulation of solar cell and the 
actual reason of degradation needs to be studied in detail. 
An ideal solution is to search for stable materials that are 
less sensitive to oxygen and moisture. 


Processing technologies for mass production 

There are different types of fabrication techniques: 
printing and casting methods, a roll-to-roll technique, and 
other film formation techniques. Usually techniques used 
for fabrication of organic solar cell are spin coating, doctor 
blade coating, casting, spraying, knife over edge coating, 
meniscus coating, curtain coating, screen printing, ink- 
jet printing, flexographic casting etc. The techniques that 
have been suited for fabrication in small substrates are spin 
coating, doctor blading and casting. 

The problem is that in terms of industrial production 
these processes are not cost effective. So, people are trying 
to find a way to improve both the economic and technical 
aspects of energy production. Roar et al. reported that roll to 
roll fabrication of a solar cell is a possible way of industrial 
production of organic solar cells—a low cost technique 
which doesn’t compromise efficiency. 


CONCLUSION 

The ultimate goal of energy production is that it should be 
environment friendly, cost effective and user responsive. 
The organic solar cell is a promising way to meet all these 
three requirements. It can be used in large areas and also for 
small ranges, in flexible substrates. But it needs more time 
and research to gain a respectable position with respect to 
silicon or other inorganic materials. Then. perhaps, a day 
may arrive when we can produce electricity for ourselves 
by just wearing a T-shirt. @ 


The author is Project Fellow, Solar Energy Center, Gwalpahari 
Email: birinchibora09@gmail.com 
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HYDROGEN 


AND ITS PROSPECTS FOR FUTURE FUEL 


On the technology front hydrogen is a clean energy carrier that 
can be produced from any primary energy source. Hydrogen 
fuel cells which are very efficient energy conversion devices, are 
attracting the attention of public and private authorities. 











AVANISH K. TIWARI AND SONAL SINGH 


Fig 1. An early tri-wheeler prototype with hydrogen-iCE 


Courtesy: Mahindra and Mahindra 


nergy consumption continues to increase; at the ultimately limited, the growing gap between increasing 
same time fossil fuel supplies continue to dwindle. demand and shrinking supply will, in the not too distant 
In heavily populated countries, such as India, future, have to be met increasingly from alternative 
there is a great and rapidly increasing demand for energy resources. We must strive to make these primary 
energy. Traditional fossil energy resources such as oil being energy resources more sustainable for we have a number 
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of consequences to avoid—the negative impact of climate 
change, the growing risk of supply disruptions, price 
volatility, and air pollution—all of which are associated with 
today’s energy systems. 

On the technology front, hydrogen, a clean energy 
carrier that can be produced from any primary energy 
source, and fuel cells which are very efficient energy 
conversion devices, are both attracting the attention of 
public and private authorities. Hydrogen and fuel cells, 
by enabling the so-called hydrogen economy, hold great 
promise for meeting our concerns over the security of 
supply and impending climate change. 

Hydrogen is considered an alternative fuel due to the 

following reasons: 

m Potentially an inexhaustible supply of energy 

m Can be produced from several primary energy sources 

m Reduced dependence on petroleum imports if it is 
produced from coal or renewables 

m Potential environmental benefits 

m High energy conversion efficiency by use of H> in 
fuel cells (upto 90 per cent) in place of internal 
combustion (IC) engines (35 per cent). 


HYDROGEN APPLICATIONS OVERVIEW 

A electrolyser uses direct current to separate hydrogen (H3) 
and oxygen (02) from water without waste emission out to 
the environment. A fuel cell is a device that can produce 
electricity from hydrogen and oxygen (water vapour and 
heat are the by-products of its processes). At present, fuel 
cells have been developed for use in transportation such 
as passenger cars, buses, trucks, and bicycles because they 


Table 1: Hydrogen production methods 


Production from natural 
gas (steam reforming) 


HYDROGEN 
FROM FOSSIL 
FUELS 


Production from coal 


BIOMASS TO 
HYDROGEN 


cycles. 


Water electrolysis 


HYDROGEN 
FROM 
SPLITTING OF 
WATER 


Photo-electrolysis 
(photolysis) hydrogen. 
Photo-biological 

production (biophotolysis) 
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have higher efficiency than IC engine vehicles. Hydrogen 
as the main fuel for fuel cell vehicles (FCV) can be produced 
from several renewable technologies such as wind, solar 
and nuclear energy. 

Hydrogen generated from an electrolyser can be 
stored in storage devices, used instantly in stationary 
power supply, or fed to hydrogen-driven vehicles. Usually, 
hydrogen can be kept for several months for later use and 
the amount of energy can be increased by adding more 
tanks at a minimum cost. At present, only a hybrid electric 
vehicle (HEV) is available in the market— as few hydrogen- 
driven vehicles are being developed due to high cost of 
the fuel car and lack of fuel infrastructure. Nevertheless 
this technology is gaining attention because it is one of 
the more promising technologies for the future with zero 
emission. Typical hydrogen-driven vehicle keeps hydrogen 
onboard in hydrogen tanks. Driving distance of each vehicle 
depends on the amount of hydrogen onboard. 


FUEL CELL AND APPLICATIONS 

Fuel cells are one of the key enabling technologies for a 
future hydrogen economy. Fuel cells have several benefits 
over conventional combustion-based technologies. They 
produce much smaller quantities of greenhouse gases. If 
pure hydrogen is used as a fuel, fuel cells emit only heat 
and water as a byproduct. 

A fuel cell is a device that converts the chemical energy 
from a fuel into electricity through a chemical reaction with 
oxygen or another oxidizing agent. Fuel cells are different 
from batteries in that they require a constant source of 
fuel and oxygen to run, but they can produce electricity 


Steam reforming uses thermal energy to separate hydrogen from the carbon components in 
methane and methanol and involves the reaction of these fuels with steam on catalytic surfaces. 
The reaction decomposes the fuel into hydrogen and carbon monoxide. Then follows a ‘shift 
reaction’ to change the carbon monoxide and water to carbon dioxide and hydrogen. 


Hydrogen can be produced from coal through a variety of gasification processes. In practice, 
high-temperature, entrained flow processes are favoured to maximise carbon conversion to gas. 


In this process, a hydrogen-containing gas is normally produced in a manner similar to the 
gasification of coal. However,few commercial plants exist to produce hydrogen from biomass. 
Currently, the pathways followed are steam gasification, entrained flow gasification, and more 
advanced concepts such as gasification in super critical water or application of thermo-chemical 


Electrolysis separates the elements of water - H2 and O- - by charging water with an electrical 
current. Adding an electrolyte such as salt improves the conductivity of the water and increases 
the efficiency of the process. The charge breaks the chemical bond between the hydrogen and 
oxygen and gathers these at the cathode and the anode, respectively. 


Photo electrolysis of water is the process whereby light is used to split water directly into 
hydrogen and oxygen. Such systems offer great potential for cost reduction of electrolytic 


Photo-biological production of hydrogen is based on two steps-photosynthesis and hydrogen 
production catalysed by hydrogenase in, for example, green algae and cyanobacteria. 
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Table 2: Hydrogen storage methods 


It might be the simplest way to store hydrogen in a cylinder of pressure up to 20 
fede) lad: FSA (0) E megapascals (MPa), but the energy density is too low to satisfy the fuel demand of 
driving practice. About four times higher pressure is needed to meet the driving. 


The energy density of hydrogen can be improved by storing hydrogen in a liquid 

state. However, hydrogen losses become a concern and improved tank insulation is 
required to minimise losses from hydrogen boil-off. In addition, advances in liquefaction 
efficiencies are required to reduce the energy required to cool and liquefy hydrogen 
gas. This method faces two challenges: the efficiency of the liquefaction process and 
the boil-off of the liquid hydrogen. 


The storage of hydrogen can rely on physiosorption because the adsorbed gas can be 
released reversibly. There are different mechanisms of adsorption depending on the 
dhele]: 2 geometry of the adsorbent and the temperature of adsorption multilayer mechanism 

TION functions if the adsorption happens on an open surface and volume filling would happen 
in a pore narrower than 2 nm. Capillary condensation could happen in a pore larger 
than 2nm but smaller than 50 nm. 


Uses metals and metal alloys to adsorb hydrogen under moderate pressure and 
temperature, creating hydrides. A metal hydride tank contains a granular metal, which 

METAL adsorbs hydrogen and releases it with the application of heat. The heat may be supplied 
HYDRIDES as excess heat from a fuel cell. Conventional high capacity metal hydrides require high 
temperatures (300°-350°C) to liberate hydrogen, but sufficient heat is not generally 
available in fuel cell transportation applications. 





Slurries or solutions can be used as a hydrogen carrier or storage medium. The 
hydrogen in the hydride is released through a reaction with water. Chemical hydride 
systems are irreversible and require thermal management and regeneration of the 
carrier to recharge the hydrogen content. An essential feature of the process is recovery 
and reuse of spent hydride at a centralised processing plant. Research issues include 
the identification of safe, stable, and pumpable slurries, and the design of the reactor 
for regeneration of the spent slurry. 


Titanium 


CHEMICAL 
HYDRIDES 


Carbon 


Hydrogen 





continually for as long as these inputs are supplied. Butin Alkaline Fuel Cells (AFCs) m Polymer Electrolyte 

general terms, hydrogen atoms enter a fuel cell at the anode Membrane (PEM) Fuel Cells æ Solid Oxide Fuel Cells 

where a chemical reaction strips them of their electrons. (SOFC) m Phosphoric Acid Fuel Cells (PAFCs) 

The hydrogen atoms are now ‘ionized’, and carry a positive W Molten Carbonate Fuel Cells (MCFCs) @ Direct 

electrical charge. The negatively charged electrons provide | MethanolFuel Cells (DMFCs). 

the current through wires to do the work. Every fuel cell 

also has an electrolyte, which carries electrically charged HYDROGEN TRANSPORTATION AND 

particles from one electrode to the other, and a catalyst, DELIVERY 

which speeds the reactions at the electrodes. Hydrogen can be transported as a compressed gas, a 
cryogenic liquid, or as a solid metal hydride. The cheapest 

TYPES OF FUEL CELLS 

There are many types of fuel cells, all consisting of an anode a E A =i 

(negative side), a cathode (positive side) and an electrolyte 

that allows charges to move between the two sides of the 

fuel cell. The list includes: 


Transportation Micropower 





Stationary Power Telecommunication 
Stations Anode Electrolyte Cathode 
Fig 3. Fuel cell application Fig 4. A fuel cell device 
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Table 4: Hydrogen transportation and delivery 


COMPRESSED GAS 
TRANSPORT 


LIQUID HYDROGEN 


TRANSPORT 


transfer. 


METAL HYDRIDE 
TRANSPORT 





method of transportation depends on the quantity delivered 
and the distance. The methods considered for delivering 
the hydrogen were truck, rail, ship, and pipelines. 


HYDROGEN SAFETY CODES AND STANDARDS 
Hydrogen has been used industrially for a number of years. 
But the main challenge in hydrogen use is the lack of 
proper information and availability of proper international 
codes and standards. Development of suitable standards for 
hydrogen and fuel cells will not only help ensure safety, but 
also facilitate business in hydrogen as an energy carrier or 
commodity and in the products, services and systems that 
are being developed to make hydrogen easily available 
and acceptable. This includes items such as storage tanks, 
fuelling nozzles, connectors, safety equipment, and other 
key components and integrated systems needed to move 
hydrogen into the energy sector. 

Several Indian and International organisations like 
International Standards Organisation (ISO) and International 
Electrotechnical Commission (IEC) have been working on 
the development of standards and codes relevant for the 
use of hydrogen energy and fuel cells. The combination of 
these efforts will result in a cohesive research, development, 
and implementation effort that enables the development of 


Table 3: International and Indian Organisations 


International Organisations Indian Organisations 


Fuel Cell and Hydrogen Energy Bureau of Indian Standards 





Association (FCHEA) (BIS) 

National Renewable Energy Laboratory Petroleum and Explosives 
(NREL) Safety Organisation (PESO) 
National Fire Protection Association Oil Industry Safety Directorate 
(NFPA) (OISD) 


International Codes Council (ICC) 


International Partnership for the 
Hydrogen Economy (IPHE) 
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Compressed gas can be transported using high-pressure cylinders, 
tube trailers or pipelines.If hydrogen is to betransported as a gas, 
it should be compressed to a very high pressure to maximise tank 
capacities, but is very expensive to handle and transport. 


Liquid hydrogen is transported using special double-walled 
insulated tanks to prevent boil-off of the liquid hydrogen. 

Some tankers also use liquid nitrogen heat shields to cool 

the outer wall of the liquid hydrogen vessel to further minimise heat 


Metal hydrides can be used for transport by absorbing hydrogen with 
a metal hydride, then loading the entire container onto a truck or 
railcar for transport to the customer's site where it can be exchanged 
for an empty hydride container, or used as a conventional tanker. 








traceable and defensible codes and standards and, thus, the 
rapid deployment of fuel cell technologies domestically and 
internationally. 


NEED FOR PUBLIC AWARENESS AND 
OUTREACH PROGRAMME 

India is a member partner of the International Partnership 
of Hydrogen Economy (IPHE).India has also prepared the 
Hydrogen Energy Roadmap (NHERM 2006) under the 
chairmanship of Ratan Tata and this has been submitted to 
the Minister, MNRE. The Government of India has already 
approved this roadmap. 

The central mission of the hydrogen programme is 
to research, develop, and validate hydrogen production, 
delivery, storage, and fuel cell technologies. For this, 
consumer awareness and acceptance of hydrogen products 
and services will have to be an essential feature of the 
hydrogen economy. Federal and state officials, equipment 
manufacturers, users, and installation and maintenance 
personnel need to understand how to operate hydrogen 
technologies in a safe manner. Therefore, it is essential 
that from the early stages of development the public is 
kept aware about the benefits of the technology. Further, it 
will be necessary to develop institutional arrangements for 
education, training, maintaining databases, coordination, 
information dissemination, and also to conduct and 
promote research on different aspects of this technology. 
Target audiences include: educators at the elementary, 
secondary, and university levels; code and zoning officials; 
professional and trade organisations; real estate developers 
and building owners and operators; public and private fleet 
operators; and the general public. Funds can be used to 
create a curriculum and training programme for teachers 
and to develop educational materials for key target 
audiences. © 


The authors are Senior Principal Scientist and Senior Research 
Fellow, Centre for Alternate Energy Research, University of 
Petroleum and Energy Studies, Dehradun. 

Email : avtewari@gmail.com 
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EFFECTIVE POLICY 





AND REGULATION FOR 
ENERGY ACCESS IN INDIA 








India is one of the fastest growing economies in the world, facing 
a surging demand for energy. A majority of the Indian population 
resides in backward and rural areas which lack basic amenities. 

In order to ensure sustainable economic growth, providing these 
services to rural areas is a must. Although, rural electrification has 
always been on the policy forefront of governments since the 1970s, 
providing electricity to all still remains a challenge. 


RAJENDRA V. KHARUL 
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650 kW community installed 
wind turbine in Keti Bunder 





Mj ndia, which has a rapidly emerging economy with the 
$ world’s second largest population, is facing a surging 
k demand for energy. Almost 66 per cent of the country’s 
E population, nearly 220 million household, live in rural 
India. The big question has always been how to provide 
energy, especially electricity, to everyone. Without proper 
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energy access the aims and objectives of inclusive growth 
for all of Indian society cannot be achieved. 

Both growth and sustainability of the power sector 
remain problematic. Current challenges can be summed up 
as: @ providing access to electricity for the rural and urban 
poor; ® generation capacity and its continuous growth 


SS eee 


Solar panels at the cultural centre, Keti Bunder 


that cannot meet peak demand; and m the reliability of 
electricity supply in terms of predictability of outages and 
quality of power. 


THE PROBLEMS 

It is well established that limited access to energy 
amenities has economic and environmental implications. 
Many women and children in Indian villages face health 
hazards due to exposure to large amounts of smoke and 
particulates from chullahs used indoors for cooking. Lack of 
basic services such as proper lighting, clean air and potable 
water and limited employment opportunities significantly 
impede social and economic development. As of 2011, only 
55.3 per cent of households in rural India had access to 
electricity. The fact is that using primary fuel like firewood 
is not uncommon in either rural or urban areas (21.5 per 
cent of households use primary fuels for purposes such as 
cooking and lighting, even in urban areas). 


MINIMUM NEEDS PROGRAMME 

Providing access to electricity for all households, 
particularly rural households, has always been one of the 
topmost priorities of the Indian Government. Electricity 
for all is a declared objective of the central and state 
governments and has been accorded high priority since 
the 1970s under the Minimum Needs Programme. Rural 
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electrification falls under two ministries—the Ministry 
of Power (MoP) and the Ministry of New and Renewable 
Energy (MNRE). The MoP under its flagship scheme, the 
Rajiv Gandhi Grameen Vidyutikaran Yojana (RGGVY), 
envisages rural electrification either by extension of grid, 
or by putting up decentralised or stand-alone systems 
under the decentralised distributed generation (DDG) 
scheme. The MNRE with a mandate for the promotion of 
renewable energy has launched several schemes such as the 
Remote Village Electrification (RVE) Programme, Village 
Electricity Security Programme (VESP), and the recently 
proposed Village Lighting Scheme (VLS), for which a draft 
document has been announced for public consultation. 
Apart from these, several technology and geographical 
area specific schemes providing central financial assistance 
(CFA) for renewable energy gadgets in the form of capital 
subsidies and soft loans have been made available by the 
MNRE. 


POLICY FRAMEWORK FOR ELECTRICAL 
ENERGY SECTOR 

The major electricity legislation, Electricity Act of 2003, 
aims to provide electricity access to all, while ensuring 
commercial and financial viability of the sector. It facilitates 
rural electrification to a great extent—so that for generation 
and distribution of electricity in a rural area, license is not 
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Table 1. Salient Features of National Policy Framework for Energy Access in India 


m Promotion of renewable energy and access to electricity for rural areas via grid or 
decentralised systems, by formulating suitable policies — Sections 3 and 4 
m Making rural electrification more effective by formulating separate policy for rural 


Electricity Act 2003 


electrification — Sections 5 and 6 


m Exempt any entity from taking license to supply electricity to rural areas — Sections 13 and 14 
m Envisioning a comprehensive approach to be followed by SERCs to promote financial and 
overall viability of renewable and micro grid systems.- Sections 61(h) and 86. 1(e) 





National Electricity Policy 


m Determined efforts towards rural electrification 
m Creating infrastructure for rural electrification 
such as Rural Electricity Distribution Backbone 

or providing decentralised systems where grid 
extension is not feasible 

m Provide easy access to finance to reduce cost of 
supply in rural areas 

= Creating awareness among state and central 
government and promoting renewable energy 
based systems 


sources 


required. The Act also mandates formulation of the National 
Tariff Policy, the National Electricity Policy and the National 
Electricity Plan. These policy roadmaps have laid down the 
framework for universal energy access, energy security and 
overall viability of the electricity sector in India. 

For rural electrification, a separate policy, the Rural 
Electrification Policy, was announced in 2006. It is aimed at 
providing quality and reliable supply—with a minimum of 1 
unit per household per day—by the year 2012 and this still is 
a long way off. The salient features of the national framework 
prevailing for energy access are shown in Table 1. 


RURAL ELECTRIFICATION IN INDIA 

The Government of India has been taking initiatives for 

rural electrification since the 1970s. Rural electrification 

was accorded top priority under the Minimum Needs 

Programme with several other programmes such as Kutir 

Jyoti Yojana and Pradhan Mantri Gramodaya Yojana. These 

initiatives yielded mixed results, which led to the need 

for a comprehensive and consolidated approach towards 

rural electrification. In March 2005, the MoP launched 

its flagship scheme for rural electrification, the RGGVY, 

and all other existing programmes were brought under its 

ambit. The objectives of this scheme were: 

m Provision of electricity access to all households by the 
year 2012 

m Quality and reliable power supply at reasonable rates 

= Minimum lifeline consumption of 1 kW per household 
per day by the year 2012. 

Under RGGVY, electrification is done using two 
alternatives: primarily, grid extension and secondarily, 
using stand-alone or decentralised distributed generation 
(DDG) systems. Since the inception of RGGVY, efforts at 
rural electrification have largely focused on grid extension 
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National Tariff Policy Rural Electrification Policy 


m Preferential tariff for systems 
using RE technologies 

= Commercial arrangement with 
franchisees for rural distribution 
m Introduction of competitive 
bidding for non conventional 


m Envisages to provide a minimum lifeline consumption of 1 
unit per household per day by the year 2012 

m Definition of electrified village is given, at village in 
which basic electricity infrastructure such as distribution 
transformer, is established and at least 10 per cent of total 
numbers of households are electrified. 

m RGGVY introduced under this policy 


m Renewable Purchase 
Obligation for states 


because it was assumed that large centralised power 
plants would be able to provide cost efficient energy 
access. However, high transmission and distribution losses 
in transmitting electricity, especially to remote areas 
(synonymous with providing 100 per cent energy access) 
have impeded electrification efforts. 

DDG or micro grid systems have emerged as a viable 
alternative to grid extension; they use locally available 
energy resources like biomass, hydro, solar and wind energy 
or its combination in hybrid mode and also generate local 
employment. Micro grid systems generating electricity 
at a local level based on such local energy resources are 
being successfully promoted, implemented and operated in 
several states by private entrepreneurs, non-government 
organisations and self help groups. 

As mentioned earlier, the initiatives of MNRE, namely, 
the RVE Programme and the VESP were launched in 
2005, and the VLP has been proposed in 2012. The 
MNRE offers up to 90 per cent financial assistance for 
each of these programmes as a grant and the remaining is 
financed either as a loan or through developer's equity or 
a combination of both. The Ministry also provides easier 
financing through soft loans from the Indian Renewable 
Energy Development Agency (IREDA), technology based 
subsidies and incentives under various programmes such 
as the Jawaharlal Nehru National Solar Mission (JNNSM). 
A summary of rural electrification schemes undertaken 
by the government through its two ministries, MoP and 
MNRE is shown in Table 2. 


MICRO GRID INITIATIVES IN INDIA 

Micro grid initiatives have been undertaken in some places 
in India, either for test or for commercial purposes. These 
projects mainly use biomass gasifiers or small hydro or 
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Table 2. Rural Electrification Programmes of India 


Ministry of Power Ministry of New and Renewable Energy 





RGGVY DDG RVE VESP 

Nodal Agency : REC Nodal Agency : REC Nodal Agency : IREDA Nodal Agency : IREDA 

Assistance for creation of Assistance for creation Assistance for survey, study, installation, Assistance for survey, study, 
distribution infrastructure. of generation and training and development installation, training and awareness 


distribution infrastructure 
90 per cent grant and 10 percent 90 per cent grantand 10 90 percent grant and remaining contribution 90 per cent grant and remaining 


loan by REC. per cent loan by REC through state plan contribution through state plan 
For power distribution For electrification of For unelectrified villages not covered under For unelectrified villages 
management, deployment of villages where grid RGGVY, electrification by RE sources not covered under RGGVY, 
franchisee is mandatory. electrification is neither electrification by biomass and 
feasible nor cost biodiesel 
effective 
Achievements (including DDG), Locally available energy Achievements as of 31.12.2011 Achievements as of 31.12.2011 
as of 15.12.2012. Electrification of resource for power Villages:73.11 per cent Village Energy Security Projects 
unelectrified villages : 89.6 per generation canbe used Hamlets :70.87 per cent Completed : 82.27 per cent 


cent. Intensive electrification of 
electrified villages: 79.9 per cent. 
BPL households electrified:82.5 
per cent. 


Table 3. Policy and Regulatory Challenges for Micro Grid and Possible Solutions 


Challenges Possible Solutions 


Project developer is exempt from taking license for supply Include separate clause in Electricity Act 2003 for rural electrification licensee. 
to rural areas. Therefore, the licensee is completely outside : 
the legal framework. This may lead to lack of government Alternatively, separate guidelines for off-grid are under consideration by Forum of 
support or charging non—approved or higher tariffs to local Regulators. 
communities. 
Extension of grid to rural area over the period, which may National level mapping of villages can be done to ensure that micro-grid systems are 


lead to consumers switching over to grid and buying cheaper allowed in those areas where grid extension will not be provided / feasible for 10-15 

electricity from the grid, moving away from micro grid local years from now. 

system, which in turn will challenge long term sustainability of Alternatively, these micro-grid systems can be connected to the grid and paid feed- 

the micro-grid project. in-tariff or covered under REC mechanism. However, grid connectivity guidelines for 
micro-grids need to be prepared by CEA and regulations prepared at the national 
level for switching over from micro grid to utility grid. 


Open access issues arising from connecting micro-grid to Grid connectivity guidelines for connection of micro-grid systems to the grid are 

utility grid over the period. under preparation by CEA. In addition to this, the open access regulations may need 
to be modified. | 

Inclusion of micro-grids in REC mechanism. Amendment to REC framework may be required along with energy accounting, 


recording and monitoring mechanisms at various levels. 
Financing challenges because of low revenue realisation, and Various options like viability gap funding, funding under JNNSM, CDM based 


higher risk perceptions. financing, national clean energy fund (NCEF) may be explored. 

Weak enabling infrastructure. Sync required between various schemes of MoP and MNRE. Also, coordination 
between state and central government departments is required which is the key to 
SUCCESS. 

Lack of trained manpower. Setting up institutions for providing training related to micro-grids. Such training 


could also be imparted at industrial training institutes (ITs). 


solar PV systems. In several villages, solar PV lanterns or opportunities. These initiatives have been undertaken by 
home lighting systems have been provided to individual individual entrepreneurs, non-government organisations, 
households for lighting purposes. These efforts have led to local groups, village energy committees and nodal state 
social and economic growth of the local communities by energy development agencies. Most of them have been 
providing improved power supply and local employment viable and have succeeded due to local participation and 


so 
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community involvement (Table 3). 

One of the most successful micro grid initiatives has 
been the one using Husk Power Systems (HPS). Husk 
power not only supplies electricity to villages but also gives 
franchises for electrification in nearby villages and imparts 
training to locals. HPS use rice husk as a fuel for biomass 
gasifiers in order to supply electricity. The gasifiers which 
are designed to work for rice husk can be designed to be 
used with any other fuel as well. The design of these gasifiers 
is very simple and even a high school pass-out can easily 
operate them. Electricity is supplied only to those villages 
that have a demand of 15 kW and fall within a radius of 3 km 
from the proposed plant. 

Similar initiatives have been taken by the Desi Power 
Group in Bihar. Desi Power’s idea is to empower rural 
people by initially providing them employment, so that 
they become capable of paying for electricity supplied to 
their households. In the first stage, Desi Power has installed 
a biomass gasifier, which supplies power to agricultural 
pumps and micro industries. These industries and the 
biomass gasifier provide employment and improved quality 
of life to villagers. In the next stage, Desi Power, on the 
basis of its current experience, plans to target 100 villages, 
and install gasifiers, set-up micro industries and thereby 
generate employment, as well as revenue. 


CONCLUSION 
Extending lines in remote rural areas should not be 
considered the core business of distribution companies 
(DISCOMS). In some areas, the cost of electricity generation 
has been highly subsidised by the government in spite of 
high electricity costs since the population in rural areas is 
poor and unemployed and revenue realisation is difficult. 
Although the government has taken several policy and 
regulatory measures to achieve 100 per cent electrification, 
a coherent and integrated approach still needs to be 
undertaken. Effective implementing and monitoring 
mechanisms, trained human resources, capacity building 
initiatives at the state level and entrepreneurial skills and 
innovations will together help to achieve energy access. 
Upcoming RE technologies provide promising micro- 
grid solutions for providing energy access to remote and 
rural areas. A separate framework for microgrid systems 
is under development and consideration by the Forum 
of Regulators. Meanwhile, various agencies, NGOs, 
entrepreneurs and self-help groups need to continue to 
innovate, develop and provide tailor-made solutions to the 
problems of energy access, infrastructure and employment 
in rural areas. A cohesive policy and regulatory framework 
plus effective monitoring mechanisms will remain key 
elements for providing energy access to every Indian 
citizen. @ 
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n the forests of Bandipur, Chamarajanagar district, one 
can find an anti-poaching unit called ‘Aranyaka’. It is 
the first of its kind in an Indian forest zone. It is built 
at Avarepura, in Bandipur and its uniqueness lies in 
the fact that the unit has been planned and designed with 
solar passive architecture and powered through renewable 
energy (Table 1). A joint venture of Wild Life Conservation 
Trust, Mumbai and Tiger Conservation Foundation, 
Bandipur, it is designed and implemented by National 
Institute of Engineering - Centre for Renewable Energy 
& Sustainable Technologies (NIE-CREST) and Voice for 
Wildlife Trust, Mysore. The work was initiated in April 
2012 and was completed in six months. 

Basic Amenities: The amenities provided in this forest 
unit include a spacious living room which is well ventilated, 
lots of natural lighting, a fire place, a kitchen and beds made 
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of kadapa slabs. There is also a toilet and bathroom. Overall 
the unit is a pleasant dwelling place and the forest officers 
can use it comfortably for extended anti-poaching forays 
without incurring too much expenditure. 

Green Technologies: The renewable energy and sustainable 
technologies used in this building are many. 

Local Stabilised Mud Blocks: The entire camp is built 
with stabilised mud blocks which were prepared at the 
Moleyur Range Forest Office (RFO) site using local soil, 
sand and 9 per cent cement. About 5000 blocks were used 
for construction. Unlike traditional clay bricks, these blocks 
don’t need to be fired, instead they are cured for 21 days. 
They look natural and provide thermal comfort inside the 
unit. In addition, this stabilised mud block masonry does 
not require plastering. 

Rain Water Harvesting: Considering the annual deficit in 
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Table 1. Technical specifications of Aranyaka- An eco friendly, 
sustainable, renewable energy based ‘anti poaching unit’ 


Particulars/ hts 
Technology Specifications/Components of the system 





Construction Construction of building with stabilised mud block 
of building , 
: nd masonry includes portico, hall, kitchen,toilet and 
with stabilised 
bathroom 
mud block 
Rainier Includes trapezoidal channels, PVC pipes and fixtures, 
h ' storage of 9000 It, under ground storage tank of 
arvesting + , $ . 
capacity 8000It, settling tank and sand filter, simple 
water tank 
hand pump 
Solar LED lighting includes solar photovoltaic panel of 
capacity 175W 
Solar lighting Battery of 12 V rated 100Ah, wireless set charging 
point and cell phone charging point and LED lights 
(8No.s) i 
Fuel efficient 2+1 fuel efficient cook stove including grate, door with 
biomass cook frame, concrete top plate , ash tray, cooking vessels, 
stove heat recovery pan 
Fuel efficient Fue! efficient bath stove including grate, door with 
biomass bath frame, concrete top plate , ash tray and water heating 
stove vessel 


water, rain water harvesting has been implemented to fulfil 
water demand. For a roof area of 54 sq m, about 40,000 It 
of water can be harvested in a year, at 93 per cent efficiency. 
This also contributes towards water conservation. A total 
of 9000 litres of water can be stored. An overhead storage 
tank with a capacity of 1000 It for rainwater, is another 
attractive feature of the system 
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Interiors at Aranyaka 


Solar lighting: Using only solar panels for energy is not 
enough. If solar energy is utilised with LEDs, the efficiency 
of the anti-poaching camp goes up. Hence, eight Solar LED 
lights along with a provision for a walkie talkie charger and 
mobile charger—all together ensure uninterrupted power 
supply and also make the unit self reliant. 


Fuel Efficient Biomass Stoves: It is well known that the 
efficiency of conventional cook stoves is less than 10 per 
cent, along with the release of enormous amounts of smoke. 
These stoves are poor in thermal insulation, and so a lot 
of heat is dissipated into the surroundings. At this camp a 
fuel-efficient biomass cook stove (efficiency 45 per cent) 
has been provided to conserve wood and create smoke free 
surroundings.® 








PLANT IN MYSORE 


ith the increasing scarcity of petroleum, 
increases in the cost of liquid petroleum gas 
(LPG) cylinders is inevitable. The management 
of waste is another important issue in today’s 
world. Both problems have a common solution as 
exemplified in the kitchen waste biogas plant. This is a 
system which transforms the biodegradable waste from the 
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kitchen into biogas; in the process manure is formed as a 
byproduct. Biogas can be utilised for cooking and slurry 
can be utilised for gardening. The use of slurry involves the 
principle of anaerobic digestion through which the complex 
organic matter is broken down in to simple molecules. 
Biogas has been an easily accessible, sustainable source 
of renewable energy as it can be adopted at household level; 
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Table 2. Specifications of 1m? organic/kitchen waste biogas plant for 





households 
mputto me 1-3kg of kitchen waste + water m 
plant 
Area required 4m? 
System Digester, gas holder, gas flow pipe line, moisture 
Elements trap systems,biogas burner 


Kitchen waste like rice starch, wash water of rice, 
used tea powder, coffee powder, waste atta, 

Type of feed left out rice, sambar, over ripened fruits, 
vegetable waste, waste edible oil and other 
cooked waste from kitchen 


Bio gas for cooking at kitchen slurry as manure for 





Application gardening 
Generation of biogas per day 0.65m? —>(1) 
(max.) 
LPG equivalent of biogas per day 0.26 kg (2) 
Daily biogas 
and manure Savings through LPG per day Rs. 25.40 (3) 
Savings through manure per day Rs.1.20 
Total returns per day through Rs. 26.60 —>(4) 
biogas and manure 
Generation of biogasper month 19.50 m? 
y LPG equivalent of biogas per 7.80kg 
month 
Monthly ; 
biogas and Savings through LPG per month Rs. 761.90 
manure Savings through manure per Rs. 36 
month 
Total returns per month through Rs. 797.90 
biogas and manure 
Annual ; 3 
Gehératiöh Biogas per year 237.25 m 


Biogas and LPG equivalent of biogas per 97.90 kg (5 
manure year cylinders) 


Savings through LPG per year Rs.9269.83 





Generation of manure per year 146 kg 


Biogas burner 


Minimum cost of manure per kg Rs.3 


Savings through manure per year Rs.438 


Total returns per year through =. 9707.83 more than 100 small kitchen waste biogas plants have been 
biogas and manure ; ; ; i 
already installed in Karnataka by the National Institute 
Approx. budget for rea. of Engineering - Centre for Renewable and Sustainable 
Investment implementation(for places within = Rs 35000 (for Technologies (NIE-CREST) (Table 2). The plants have 
Mysore City) ; convinced the users. NIE-CREST has also taken a step 
f Model 3) } ; i 
ahead by announcing a subsidy of Rs. 2000 for biogas 
Note: S plants, this further widens the accessibility to renewable 
1. Gas generation rate of 0.65 m°? per day is under ideal conditions 1 . : i 
2. 1m? of biogas is equivalent to 0.4kg (400g) of LPG energy in Mysore city. © 


3. Cost of 19 kg commercial LPG cylinder is Rs.1856 . Price escalation of LPG will change 
the returns 


4. Capacity of a commercial cylinder is 19 kg Input courtesy: Shamsundar Subbarao, Director, NIE-CREST and 
5. Manure obtained in dry form after drying the slurry @0.4 kg per day Associate Professor, NIE, Mysore; and Dhananajaya, Project 
(10 per cent) is considered. Engineer, NIE- CREST Email: sham.niecrest@gmail.com 
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CONVERTING FOREST FIRES INTO 


A RENEWABLE ENERGY SOURCE 


illions of tons of biomass 

gets generated from forest 
residues especially pine 
needles. These pine needles if not 
removed from the ground can cause 
a lot of damage to the environment 
due to their highly inflammable 
nature. A pine tree trunk is heat 
resistant, hence in case of a forest fire, 
pine trees survive the fire but in the 
process destroy the growth of other 
plant species. Dry pine foliage also 
stops water from being absorbed by 
the soil and thus causes the depletion 
of ground water table. Fallen dry pine 
foliage blocks the sunshine reaching 
the ground and thereby stops the 
growth of grass which the cattle feed 
upon. Although dry pine needles 

and other forest residues have high 
calorific value, this biomass cannot 
be used directly due to its low bulk 
density and high moisture content. 

Rural Renewable Urja Solutions 
Pvt. Ltd (RRUSPL) located in 
the Garhwal region of the state 
of Uttarakhand is manufacturing 
and supplying biomass briquettes 
using pine needles, other forest 
residues and agricultural wastes. The 
composition of briquettes produced 
using forest residues and other 
industrial and agricultural wastes is 
60 per cent of dry pine needles, 30 
per cent of saw dust and 10 per cent of 
other agricultural waste like lantana, 
cow dung and sugar mud. 

Founded by Dr. Rajesh Rawat and 
Brijesh Rawat, RRUSPL initially 
involved 50 villages located near 
Kotdwar in the Pauri-Garhwal district 
of Uttarakhand, in the project. 
Village self help groups formed 
by 8-10 members (mostly women) 
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Raw material processing 


collect biomass primarily comprising 
agriculture waste and forest waste 
including highly inflammable pine 
needles. Pine needle collectors 
are paid Rs. 1000 per ton of pine 
needles collected. This raw material 
is briquetted to a density of more 
than 650 per m*. 1.3 kg of briquettes 
replace 1 kg of coal and 3 kg of 
briquettes replace 1 kg of LPG usage. 

These briquettes are directly 
supplied to institutions and industries 
who primarily use coal or LPG 
for their energy requirements. A 
briquette processing unit of 15,000 
tonnes requires an investment of 
Rs. 2 crore. Initial investment can 
be raised through bank loan at 14 
per cent interest rate for a 5 year 
term followed by subsidies and self 
financing. 

MY CLIMATE, a Swiss agency 
has entered into an agreement 
with RRUSPL to buy carbon 
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credits generated by the project. 
MY CLIMATE in turn will sell 
these carbon credits to the air 
travellers who want to reduce 

their carbon footprint. With this 
arrangement, while the project at 
one end contributes to generate 
renewable energy and empower rural 
population, at the other end, at the 
global level it aims at enabling high 
society air travellers living in far off 
European countries to reduce their 
carbon foot print. 

There is a scope for setting up of 
five such units in the pine and lantana 
regions of various hill states of India. 

As briquette manufacturing from 
forest residues and agricultural 
waste is a relatively new technology, 
training has to be given to people 
on production, operation and 
maintenance of briquetting units. © 


Source: Access to Clean Energy: A Glimpse of 
Off Grid Projects in India, published by MNRE 
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) CONGRESS 2013 


Securing Tomorrow’s Energy 






Today - Policy and Regulation 


C2 NEC Inde 


CONGRESS 


Dr. Farooq Abdullah, Union Minister of New and Renewable Energy, Government of 


India at the event. 


ndia Energy Congress (IEC), a 
flagship event of WEC-IMC (The 
World Energy Council — The 
Indian Member Committee) over the 
years has been contributing to paving 
the path for a sustainable future 
in the country. The fifth edition of 
Indian Energy Congress 2013 held 
on 7th and 8th February 2013 at 
The Lalit, New Delhi, provided an 
extensive platform for energy sector 
players to share their knowledge, 
views, ideas and resource prospects in 
a collaborative manner and to chalk 
out a roadmap for sustainable growth 
of the sector. Organised by World 
Energy Council India under the 


patronage of the Ministry of Power, 
Government of India, with a theme— 
‘Securing Tomorrow’s Energy Today: 
Policy and Regulation’, the two-day 
event focussed on issues related to 
energy security in the context of 
policy and regulatory frameworks. 
Energy security was the central 
theme and the two-day event had six 
sessions on different topics by domain 
experts. Issues such as facilitating 
strategies, policies and regulations 
were extensively discussed and 
deliberated upon. 

The first day had three sessions listed 
for discussion by several delegates. 
Ashok Lavasa, Additional Secretary, 
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Ministry of Power and Chairman, 
Steering Committee, IEC 2013, 
launched Session I: Long term Energy 
Security, with his welcome address. 
Pierre Gadonneix, Chairman, World 
Energy Council, delivered the special 
address, followed by a ministerial 
address by Montek Singh Ahluwalia, 
Deputy Chairman, Planning 
Commission. The Session II: Power 
for all: Energy Security for Poor, 
began with the welcome address by 
Arup Roy Choudhury, Chairman and 
Managing Director, NTPC, followed 
by a ministerial address by Jyotiraditya 
Scindia, Union Minister of State 

for Power. R.N. Nayak, Chairman, 
Power Grid Corporation of India, 
delivered the welcome note on the 
Session III: Towards more efficient 
energy use; while Sriprakash Jaiswal, 
Union Minister of Coal conveyed the 
ministerial address. The second day of 
IEC started with Session IV: Resource 
Allocation and Pricing in which the 
keynote address was imparted by G. 
C. Chaturvedi, Secretary, Ministry 

of Petroleum and Natural Gas, and a 
ministerial address was delivered by 
B.K. Chaturvedi, Member Energy, 
Planning Commission. Satnam 

Singh, CMD, Power Finance Limited, 
delivered his address in the Session 

V: Sustainable sources of Energy. The 
keynote address was delivered by 

R.K. Sinha, Secretary, Department 

of Atomic Energy, and an inspiring 
ministerial address was given by 
Faroog Abdullah, Union Minister of 
New and Renewable Energy (MNRE). 
Ratan P. Watal, Secretary, MNRE 
conveyed the theme address. Session 
VI: Energy Financing Challenge, the 
final session of IEC had the theme 
address conveyed by P. Uma Shankar, 
Secretary, Ministry of Power. 

With more than 300 professionals 
from the energy sector participating 
in the event, IEC 2013 was yet 
another result-oriented event, seeking 
answers to emerging opportunities in 
the energy sector. © 

Source: World Energy Council, India. 
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GREEN FASTEN 
SOLAR PANEL ROOF 
MOUNT HARDWARE 

Green Fasten solar panel 
roof mount hardware by Eco 
Fasten Solar® is designed 
and manufactured in the 
USA from recycled materials; 
features a patented watertight 
bushing; utilises lag bolts to 
secure to the roof; has IAPMO 
certification; and is one of the 
fastest attachment points to 
install in the industry. It can be 
used for retrofit applications 
without removing shingles 
and is available in a variety 
of configurations which can 
be customised to fit any 
proprietary hardware on the 


market. 
Source: www.ecofastensolar.com 
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power. The expandable, modular 
design allows for flexible system 











| THE SUNEYE 210 
| ASSESSMENT TOOL 
Fhe SunEye 210 is an 
integrated Shade Analysis 
Tool for Solar site assessment. 
It includes a fish eye camera 
and a dedicated on-board 
processor to perform digital 
` image processing and analysis 
to compute shading and 
| solar access percentages. 
; It includes an electronic 
i compass and inclinometer 


SUNNY ISLAND | enabled to measure.roof pitch 
INVERTERS | and azimuth. 


Source: www.solmetric.com 


The Sunny Island 4548-US 
and 6048-US inverters is the 
most efficient solar battery AC 

coupling system on the market. 
This is used in grid connected 
and off grid remote or island 
power systems, flexible and 
expandable, single phase to 36 
kW, three phase to 100 kW. A 
whopping efficiency of 96 per 
cent ensures peak production 
and efficient use of available 


planning. With the new SMA 

Multicluster, up to 12 Sunny 
Islands can be integrated into 
off-grid power systems up 100 


kW in size. 
Source: www.solarelectricsupply.com 
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Tech Update 


Peel-and-Stick 
Solar Panels 


The newly developed peel-and-stick technology, which gives thin-film solar 
cells flexibility and attachment potential, reducing their general cost and 
weight is a helpful and smart product. It is not just restricted to thin-film 

solar cells but can also be applied to thin-film electronics, including printed 

circuits, ultra thin transistors and LCDs. 


ow the ideal is real. Stanford 
N researchers have succeeded 

in developing the world’s first 
peel-and-stick thin-film solar cells. The 
breakthrough is described in a paper in 
the December 20th issue of Scientific 
Reports. Unlike standard thin-film 
solar cells, the peel-and-stick version 
from Stanford does not require any 
direct fabrication on the final carrier 
substrate. This is a far more dramatic 
development than it may initially seem. 
All the challenges associated with 
putting solar cells on unconventional 
materials are avoided with the new 
process, vastly expanding the potential ` 
applications of solar technology. Thin- 
film PV cells are traditionally fixed on 
rigid silicon and glass substrates, greatly 
limiting their uses, says Chi Hwan Lee, 
lead author of the paper and a PhD 
candidate in mechanical engineering. 
And while the development of thin- 
film solar cells promised to inject 
some flexibility into the technology, 
explains Xiaolin Zheng, a Stanford 
assistant professor of mechanical 
engineering and senior author of the 
paper, scientists found that use of 
alternative substrates was problematic 
in the extreme. "Nonconventional or 
‘universal’ substrates are difficult to 
use for PV because they typically have 
irregular surfaces and they don’t do 
well with the thermal and chemical 
processing necessary to produce today’s 
solar cells,” Zheng observes. "We got 
around these problems by developing 
this peel-and-stick process, which 
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gives thin-film solar cells flexibility and 
attachment potential we've never seen 
before, and also reduces their general 
cost and weight.” Utilising the process, 
Zheng continues, researchers attached 
their solar cells to paper, plastic and 
window glass among other materials. 
"It’s significant that we didn't lose any 
of the original cell efficiency,” Zheng 
said. The new process involves a unique 
silicon, silicon dioxide and metal 
“sandwich.” First, a 300-nanometer 
film of nickel (Ni) is deposited on a 
silicon/silicon dioxide (Si/SiO2) wafer. 





Thin-film solar cells are then deposited 
on the nickel layer utilizing standard 
fabrication techniques, and covered 
with a layer of protective polymer. A 
thermal release tape is then attached 
to the top of the thin-film solar cells 
to augment their transfer off of the 
production wafer and onto a new 
substrate. The solar cell is now ready 
to peel from the wafer. To remove it, 
the wafer is submerged in water at 
room temperature and the edge of the 
thermal release tape is peeled back 
slightly, allowing water to seep into 
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and penetrate between the nickel and 
silicon dioxide interface. The solar cell 
is thus freed from the hard substrate 
but still attached to the thermal release 
tape. Zheng and team then heat the 
tape and solar cell to 90°C for several 
seconds, then the cell can be applied 
to virtually any surface using double- 
sided tape or other adhesive. Finally, 
the thermal release tape is removed, 
leaving just the solar cell attached to 
the chosen substrate. 

Tests have demonstrated that the 
peel-and-stick process reliably leaves 
the thin-film solar cells wholly intact 
and functional, Zheng said. "There's 
also no waste. The silicon wafer is 
typically undamaged and clean after 
removal of the solar cells, and can 


be reused.” While others have been 
successful in fabricating thin-film solar 
cells on flexible substrates before, those 
efforts have required modifications 

of existing processes or materials, 
noted Lee. “The main contribution of 
our work is we have done so without 
modifying any existing processes, 
facilities or materials, making them 
viable commercially. And we have 
demonstrated our process on a more 
diverse array of substrates than ever 
before,” Lee said. "Now you can put 
them on helmets, cell phones, convex 
windows, portable electronic devices, 
curved roofs, clothing—virtually 
anything,” said Zheng. Moreover, peel- 
and-stick technology isn’t necessarily 
restricted to thin-film solar cells, Zheng 





said. The researchers believe the 
process can also be applied to thin-film 
electronics, including printed circuits 
and ultra thin transistors and LCDs. 
"Obviously, a lot of new products -- 
from ‘smart’ clothing to new aerospace 
systems -- might be possible by 
combining both thin-film electronics 
and thin-film solar cells,” observed 
Zheng. "And for that matter, we may be 
just at the beginning of this technology. 
The peel-and-stick qualities we're 
researching probably aren't restricted 
to Ni/SiO2. It’s likely many other 
material interfaces demonstrate similar 
qualities, and they may have certain 
advantages for specific applications. We 
have a lot left to investigate.” © 

Source: www.sciencedaily.com 








Flexible solar cells 


The currently developed low-cost, light weight and flexible solar cell, 

from the Massachusetts Institute of Technology, based on sheets of 

flexible graphene coated with a layer of nanowires can transform the 
light of the sun for an onsite source of power. 


structure of the new device, 

starting with a flexible layer of 
graphene, a one-atom-thick carbon 
material. A layer of polymer is 
bonded to that, and then a layer of 
zinc-oxide nano wires (shown in 
magenta), and finally a layer of a 
material that can extract energy 
from sunlight, such as quantum dots 
or a polymer-based material. Low- 
cost, light-weight and flexible solar 
cells are envisaged for the next- 
generation construction materials 
known as building integrated PVs 
- windows, roofs and facades that 
could transform the light of the sun 
for an on-site source of power. Now, 
researchers from the Massachusetts 
Institute of Technology have come 
up with a new solar cell that could 
fulfil these three requirements 


Illustration shows the layered 
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and has an added benefit of being 
transparent. The new cell is based 

on sheets of flexible graphene coated 
with a layer of nanowires. According 
to associate professor of materials 
science and engineering, Silvija 
Gradeéak, building semiconducting 
nanostructures on a graphene surface 
without impairing its electrical and 
structural properties is a challenge. 


To overcome this, the team used a 
series of polymer coatings to allow 
the graphene to bond a layer of zinc 
oxide nanowires. They then overlayed 
a material that responded to light 
waves. The team also used and 
tested a series of overlay materials in 
their devices— including lead-sulfide 
quantum dots and a polymer called 
P3HT. They achieved the best results 
with the quantum dots, getting an 
efficiency of 4.2 percent. Currently, 
only proof-of-concept devices 

about a half-inch in size have been 
demonstrated. Even so, Gradeéak 
and her colleagues believe that the 
manufacturing process is highly 
scalable and larger commercial sized 
devices based on these cells will be 
developed within a couple of year. © 


Source : www.ecoseed.org 









MATERIALS AND 
EQUIPMENT 

m 10 inch square piece of 
galvanised sheet metal 
(the thinnest available) 

m 20 inch square piece of 
cardboard 

m Flat black spray paint 

m 10 inch square piece 
of insulation (styro foam, 
corrugated cardboard, 
newspaper, or batting) at 
least 3 inches thick. 

m 1 meter soft copper 
tubing, 3/8-inch to 1/2-inch 
diameter 

m 16 inch square sheet of 
clear plastic 

gw Knife or box cutter 

m Cellophane or masking 
tape 

m Tubing bender (or have 
the copper tubing bent at 
the hardware store) 


WATER HEATER 

m 2 pound coffee can with 
plastic lid 

m 2 inch pieces of soft 
copper tubing, 3/8 inch 

to 1/2 inch diameter (must 
be same diameter as the 
copper tubing used in 
collector) 

m Thermometer 

w Cardboard box, slightly 
larger than coffee can 

m Insulation material 
(Styrofoam, corrugated 
cardboard, newspaper, or 
batting) 

m 100- to 200 W soldering 
iron and acid-flux solder 


RESOURCES 
The copper and plastic 
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tubing, tubing bender, box 


cutter, galvanised sheet metal, 
and plastic sheet are available 
at hardware or building supply 
stores. Soldering irons and flux 
are available at hobby stores. 


SETTING 
UP THE EXPERIMENT 


TO MAKE THE 
COLLECTOR 

m Bend the copper tubing 
carefully into an S-shape 
using a tubing bender to 
avoid kinks. 

m Lay the copper tubing 
onto the galvanised sheet 
metal and solder it in 
place. 

m Spray the plate and 
tubing with the flat-black 
paint. 

m Draw lines on the 
cardboard. 

m Cut on the solid lines, 
and fold on the dotted 
lines. 

m Cut slots and holes in 
the cardboard to insert the 
collector (sheet metal with 
tubing). 

m Fold and tape the 
cardboard to make a box. 
m Put the insulation in the 
bottom of the box. 

m Slide the collector into 
the box along the slots, 
and tape the slots tightly 
closed. 

m Place the clear plastic 
sheet over the top and 
fold and tape it down 


SOLAR WATER 
HEATER 
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to make a tight but 
removable cover. 


TO MAKE THE WATER 
HEATER: 

m Punch two holes on 
opposite sides of the 
coffee can. One hole must 
be 1inch from the top of 
the can and the other, 1 
inch from the bottom of 
the can. 

m Insert the copper tubing 
in both holes and solder 
the joints. The joints must 
be watertight. 

m Cut holes in a cardboard 
box that will align with the 
tubes in the can. 

m Put the can inside the 
cardboard box, with the 
tubes sticking out the 
holes in the box. 

m Put insulation around the 
coffee can. 

m Cut the plastic tubing 
into two pieces, one 
slightly larger than the 
other. 


DOING THE EXPERIMENT 
Make a chart to record the 
following data: 
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Water temperature before: 
Water temperature after 
20 minutes: 

Water temperature after 1 
hour: 

Hook the collector and 
water heater together. 

æ Disconnect the plastic 
tubing from the inlet. 

m Run water through the 
tubes and the collector 
until all the air is gone. 

m Reconnect the tubing to 
the inlet, and fill the coffee 
can with water to above 
the level of the inlet. 

m Measure and record the 
water temperature and 
replace the lid. 

w Face the collector 
directly into the sun, 
placing the bottom of the 
heater above the top of 
the collector. 

m Measure and record the 
water temperature after 
20 minutes. 

m Measure and record the 
data every 20 minutes. © 


Source: www.energyquest.ca.gov. 
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Web/Book Alert 





website 







Green Market Place 
www.gogreenmarketplace.com 
The Go Green Marketplace, 
powered by GreenDeals.org is an 
online shopping portal offering 
thousands of eco-friendly and 
sustainable products for home, 
office, family, pets, wellness, baby 
and children, bath and beauty 
products. They offer green 
products from green companies 
such as Seventh Generation, 
Bambu, Born Free, Earth Mama 
Angel Baby, Green Sprouts, Green 
Toys, Preserve, Mrs. Meyers 
Cleaning Supplies, Cleanwell, and 
more. 


The European Photovoltaic 
industry Association (EPIA) 
www.epia.org 

The Association says its new online 
presence features a dynamic, 
user-friendly, news-driven format 
that will better inform the public, 
better serve the Association‘s 
members and raise its profile at 
European level. The new epia.org 
includes easy-to-navigate sections 
on news, policies and events, as 
well as a special area for EPIA 
members containing all information 
on working groups and statutory 
activities. 


Visole Energy 
www.visole-energy.com 

Strongs Energy Solutions is a 
company focused on delivering 
renewable energy solutions to 
construction industry across the 
North of England. Many of the 
Strongs Energy Solutions team 
have been involved in the design, 
marketing and sales of building 
envelope solutions with a focus 

on energy reduction for many 
years. Coupled with the specific 
M&E sector experience at its sister 
company Strongs Building Services 
the enterprise is delivering low 
energy building solutions across 
the globe to the construction 
industry. 


Februarv 2013 








his book shows why and 
Tic successful renewable 
energy strategies work. 
Many recent and actual 
examples of best cases and 
experiences in policies—based 
»On literature and interviews show 
how policies can best mobilise 
national and international 


Distributed 
Renewable Energies 
for Off-Grid 
Communities 

By: Nasir El Bassam, 
Preben Maegaard, 
Marcia Schlichting 
Hardcover: 334 Pages Cost: 99.95 
USD Publisher: Elsevier; 1 edition 
ISBN-10: 0123971780 

ISBN-13: 978-0123971784 





Fundamentals of 
Renewable Energy 
T Processes 

© 4 By: Aldo V. da Rosa 
| Hardcover: 908 Pages 
Cost: 96.58 USD 
Publisher: Academic 
Press (September, 2012) 
ISBN-10: 0123972191 
ISBN-13: 978-0123972194 
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Secure Oil and 
Alternative Energy 
By: M. Parvizi Amineh, 
&> Yang Guang 

_ Hardcover: 489 Pages 
Cost: 193 USD 
Publisher: Brill 
Academic Pub (June, 2012) 

ISBN-10: 9004218572 

ISBN-13: 978-9004218574 











Renewable Energy-Action on 
Deployment : Ready policies 
for accelerated deployment 


of renewable energy 

By: IEA-RETD, Rolf de Vos, Janet Sawin 
Hardcover: 280 Pages 

Cost: 92.58 USD 

Publisher: Elsevier; 1 edition (January, 2013) 
Email : textbook@elsevier.com 

ASIN: BOOAMZZRT2I 


renewable energy business 

and the financial institutions, 
while creating a broad support 
base. The book is an initiative of 
the IEA-RETD, an international 
agreement between nine. 
countries to investigate and 
accelerate the deployment of 
renewable energy. 


E Energy Access, Poverty, 
and Development: The 

_ Governance of Small- 

Tæ scale Renewable Energy 

in Developing Asia 

By: Benjamin Sovacool , 

Ira Martina Drupady 

Hardcover: 304 pages 

Cost: 124.95 USD 

Publisher: Ashgate Pub Co 

(December, 2012) 

ISBN-10: 140944113X 

ISBN-13: 978-1409441137 


Tackling Long-Term 
Global Energy Problems 
By: Daniel Spreng, 
Thomas Flieler, David L. 
Goldblatt, Jurg Minsch 
Hardcover: 364 Pages 
Cost: 11530.27 USD 
Publisher: Springer (January, 2012) 
ISBN- 10: BOO7EMITQO 


Switching to Renewable 
Power : A Framework for 
the 21st Century 

By: Volkmar Lauber 
Hardcover: 286 pages 
Cost: 98.78 USD 
Publisher: Routledge 
ISBN- 10: 184407241x 

ISBN-13: 978-1844072415 
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Forthcoming Events 





7 In India 


30 National Conference On Green Energy -(NCGE13), Place: Chennai, Tamil Nadu, = 
March 2013 India, Organiser: Electrical & Electronic Engineering Department, RMD Engineering d 
College, Chennai, India, Contact: Dr.P. Rangarajan ‚Organising Chair ,NCGE13, Rmd r 
Engineering College, Email : conf.eee@rmd.ac.in, 044-27925907, O 
Website: www.rmd.ac.in r 
9-10 Renewable World 2013, Place: New Delhi, India, Organiser: Fortune Media group, r4 
April 2013 Contact: Deepak Rane, 91+22-65657781, Email: deepak@fortunemediagroup.in, 
Website: www.fortunemediagroup.in 
11-13 Renewtech India 2013, Place: Auto Cluster Exhibition Centre, Pune, India, 
April 2013 Organiser: Winmark Services Pvt. Ltd., Contact: +91-22-2660 5550, sales@winmark. 
co.in/info@india-tech.com, Website: www.renewtechindia.com 
18-19 Indian Solar Summit 2013 Place: Mahatma Mandir Convention Centre, Gujarat, 
April 2013 Organiser: Solar Media, Contact: Gopesh Nair, 09913614828, Email id:gnair@ 
solarmedia.co.uk, Website: www.solarsummitindia.com 
6-8 Renewable Energy World in India Place: Bombay Exhibition Center Goregaon, 
May 2013 Mumbai, Organiser: Inter Ads Exhibitions Pvt. Ltd. Contact: Jyotsna Sharma, 
Conference Manager,(0)124 452 4231, (0)783 833 7572, Email id: jyotsna@ 
interadsexhibitions.com, Website: www.renewableenergyworldindia.com i 
q 
Ó 
® ag 
jew 
In Other Countries z 
r 4 
28-29 CISWIND-2013 International Conference & Exhibition “Wind power in the CIS a 
March 2013 and Eastern Europe”, Place: Kyiv, Ukraine, Organiser: Renewable Energy Centre, p- 
Contact: Elena Pustovoyt , 4420335515 77, Website: rencentre.com 2 
8-10 International Biomass Conference & Expo, Place: Minneapolis Convention Center, 
April 2013 Minneapolis, Organiser- BBI International, Contact: John Nelson,(701) 738-4992, 
Email: jnelson@bbiinternational.com, Website: www.biomassconference.com 
10-11 Wind Farm Development: European Offshore 2013, Place: Edinburgh, UK, 
April 2013 Organiser: Active Communications International, Europe, Contact: Sherine Whittle, 
+44 207 981 9800, Email-swhittle@acieu.net, Website: www.wplgroup.com 
16-20 Solar, 2013, Place: Baltimore Convention Center, Baltimore, Maryland, 
April 2013 Organiser: American Solar Energy Society, Contact: Pamm McFadden, 
303-4434308, Email: pgosun@aol.com, Website: www.ases.org/solar2013 
29-30 The 2nd Mexican International Renewable Energy Congress, Place: Real Polanco, 
May 2013 Mexico City, Organiser: Green Power Conferences, Contact: James Brady, +44 


(0)203 384 6214, Website: www.greenpowerconferences.com 
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Global new investment in new renewable energy (annual; figures in billion USD) 


Renewables power capacity (total, not including hydro; figures in GW) 250 315 390 

Renewables power capacity (total, including hydro; figures in GW) 1170 1260 1360 

Hydropower capacity (total; figures in GW) 915 945 970 

Wind power capacity (total; figures in GW) 159 198 238 

Solar PV capacity (total; figures in GW) 23 40 70 

Concentrating Solar Thermal Power (total; figures in GW) 0.7 1.3 1.8 

Solar hot water capacity (total; figures in GW) 153 182 232 hve 
Ethanol production (annual; figures in billion litres) 734 86.5 86.1 me 
Biodiesel production (annual; figures in billion litres) 17.8 18.5 21.4 

Countries with policy targets 89 109 118 
States/provinces/countries with feed-in policies* 82 86 92 
States/provinces/countries with RPS/quota policies 66 69 71 


States/provinces/countries with bio-fuels mandates 


The top seven countries for non-hydro renewable electric capacity—China, the United States, Germany, Spain, Italy, 
India, and Japan. 


@ India displayed the fastest expansion in investment of any large renewables market in the world, with 62 per cent 
growth. 


@ India added about 4 GW of grid-connected non-hydro renewable power capacity during 2011, mainly from wind but 
also from biomass and solar capacity to give a total of more than 20 GW by year-end. 


@ Job creation in India related to renewable energy was estimated to be 350,000 jobs in 2009. Technologies such as 
off-grid solar, biogas, and small-scale hydro, principally relevant in a rural context, account for more than 190,000 of 
India’s renewables jobs. 


@ China and India have the largest numbers of domestic digesters in the world, with 43 million and 4.4 million domestic 
biogas digesters, respectively, in 2011. 


@ Biomas power capacity in India added about 0.6 GW of capacity during 2011 to reach 3.8 GW. 


@ India was the third largest market in 2011 for the second year running. India added about 3 GW for a total of 
approximately 16.1 GW of capacity, maintaining its fifth place ranking for total installed capacity. 
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Dear Readers, 


Mankind has been utilizing solar energy for drying, 
wind energy for sailing boats and grinding of grains, 
biomass for the cooking and heating and water 
streams for grinding through water mills since ages. 
The utilization pattern of renewable resources has 
changed as per the varying end use applications. 
Although renewable energy has been utilized in India 


since ages, the organized beginning of renewable oo 


energy development in India may be dated back to 1981. Over the last three 
decades renewable energy has seen many phases ranging from demonstration 
to commercialization. Today with the grid connected installed capacity of 
over 29,000 MW it is the most important sector in India which provides 
sustainable solution to the energy crisis. 

There has been a visible impact of renewable energy in the Indian energy 
scenario over the last three decades. Apart from contributing about 13.6 per 
cent in the national electricity generation installed capacity, renewable energy 
based decentralized and distributed applications have benefited millions of 
people in Indian villages by meeting their cooking, lighting and other energy 
needs in an environment friendly manner. The social and economic benefits 
include reduction in drudgery among rural women and girls engaged in the 
collection of fuel wood from long distances and cooking in smoky kitchens, 
minimization of the risks of contracting lung and eye ailments, employment 
generation at village level and ultimately the improvement in the standard of 
living and creation of opportunity for economic activities at village level. 

Although, a lot has been done, yet more efforts are required to popularize 
the renewable energy applications in the home of a common person. ‘The 
renewable energy systems and devises need to be sold in the next door shops 
in every area. Their availability has to be increased manifold. This will 
enhance the confidence of a person on its reliability and the post installation 
services. 

I am delighted to inform you that with your kind support and 
overwhelming response the Akshay Urja has completed a long journey of 
eight years. The present issue is the special 50th issue of Akshay Urja which 
widely analyses the journey of three decades of renewable energy in our 
country. In this context this issue has been prepared with a focus on the last 
three decades of the progress and development of renewable energy in India. 

I am sure that it will be an interesting journey for you to update yourself 
about the various dimensions of renewable energy applications in our daily 
life. Please do send your valuable comments and suggestions to make the 
Akshay Urja a perfect magazine for you. 

Happy reading 
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ARUN K TRIPATHI 
<aktripathi@nic.in> 
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I am a regular reader and subscriber 
of Akshay Urja newsletter. It is very 
informative and useful. My students 
and friends find the newsletter 
easy to read and understand. And I 
feel Akshay Urja should be kept in 
libraries for reference purpose. 
Anant B Tamhne 
Engineer Consultant in 
Renewable Energy, 
Nagpur, Maharashtra 


I worked as AGM small hydro as 
well as AGM Energy Conservation 
in KREDL. I also worked for 
Mahatma Gandhi Institute for 
Rural Energy and Development as 
senior faculty. Now after retirement 
I am working at Prolight Systems. I 
am a regular reader of Akshay Urja. 
I am, writing this letter to thank 
your magazine Akshay Urja for 
all my exposure in the renewable 
arena. It is a true trainer, guide and 
inspiration in the renewable energy 
field. We get all our technical and 
statistical information updated on 
a day to day basis in all the wings 
of renewable energy through this 
newsletter. Once again I would like 
to add that I am really grateful to 
you for publishing this excellent 
magazine—my many salutes! 
Vishnu Chinagundi 
General Manager 
Prolight Systems 


Frankly, I am highly impressed with 
your most informative ‘Akshay Urja’ 
and desire to share the information 

amongst all members of our Samitee 
and also among other individuals in 


a 


16 


our area. It will be my additional task 
to spread the knowledge relating to 
renewable energy. On behalf of our 
Samitee I therefore request you to 
send us your Akshay Urja regularly 
as it is indeed useful for us. 
Salma Siddirj, 
Sadipur Mahila Samity 
Nadia, West Bengal 


4 fap oar Rie Pre faq 
fafana mT Ba K YA ‘Hey Gurl’ 
Ap or sie Aaa wa A urd ear 
Yel è, fora fore sage eifea AATE | 
ua 4 at ag aR À a aH 
We Ba è aa aa H aAA Gull 
D aa Ñ yA Yoh Vd Baad Geri 
WISI SE Èl 
À user ml sod ada Ud we ATA 
Wat À yA Ud WI A SAORI ora 
Bll Xe | 

fast Hare fee 

fete! Trae 


‘FAL Heil sm UsHe Al Jed |i 
ad è SR sam aR A UHR ay fafa 
aera & are À asa aed È | 
Hay Hull AERTS À sl sat oftg wy 
aNd À AAA Ar et ws È Hera 
Gal US AN TA ake HI Gal G 
adda alal @ aR À GM fred È | 
alas Feta BAe, 
Haat Hae Hol wo, sts 


I have been listening to Akshay Urja 
programme on the radio for the 

last two months regularly. I regret 
to have missed the earlier ones. The 
programme is very informative and 


motivating. [he scheme definitely 
has the potential to bring a 
revolutionary change in the 
country in the times to come. 
Awareness programmes should be 
given top priority. I am thankful 
to the Ministry for bringing out such 
quality programmes. My best wishes 
are with the people associated with it 
and the Akshay Urja magazine . 
Alok Kumar, 
Ranchi, Jharkhand 


AU, BAA Holl UH oa wre et 
Yel &, GR WR Fed FS! HU S| aay 
ware, Ua Sa Wes À eld av At 
ftest fore è get GR vd vas wait À 
él faga ot oft et aad È ara: aÀ 
aR è fh ga aa À OH He Tel 
Gast P od Aol faqs sa sea Ñ sera 
ul & Ha H Isa aT aa | 
stadt saat zeartt 
aiefde after fara aera alae 


I have recently seen Akshay Urja 
newsletter and found it very useful. 
The pictures in the magazine are 
excellent with easy to understand 
content. We know that the earth’s 
future completely depends on 
environment and energy. We also 
know that the economical status 
of a country depends upon energy 
resources and its utilization. I plan 
to make an energy project with my 
students and I am sure Akshay Urja 
will guide me specially to achieve the 
required results. 

J. Chandrasekhar Rao 

Vizianagaram, 


Andhra Pradesh 


Dear Reader, Thank you very much for your suggestions and encouragement. The editorial team of Akshay Urja will 
make every effort to make this newsletter highly informative and useful to all our readers. We welcome your suggestions 
and valuable comments to make further improvements in terms of content and presentation. Editor: Akshay Urja 
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RE GLOBAL 


WORLD TRENDS IN 











RENEWABLE ENERGY 


enewable energy sources 







estimated 
16.7 per cent of global 
final energy consumption 
in 2010. Of this 
total, modern renewable 
energy accounted for an estimated 
8.2 per cent, a share that has 
increased in recent years, while the 
share from traditional biomass has 
declined slightly to an estimated 


supplied an 


WIND POWER 

Wind power capacity increased by 
20 per cent in 2011 to about 238 
GW by year-end, overseeing the 
greatest capacity additions of any 
renewable technology. As in 2010, 
more new capacity was added in 
developing countries and emerging 
markets than in OECD countries. 
China accounted for almost 44 
per cent of the global market 
(adding slightly less capacity than 
it did in 2010), followed by the 
United States and India; Germany 
remained the largest market in 
Europe. Although its market share 
remained relatively small, the 
offshore wind sector continued 
to expand, with the use of larger 
turbines and 
deeper water, farther from shore. 
The trend towards increasing the 
size of individual wind projects and 


movement into 


larger wind turbines continued; at 
the same time, the use of small-scale 
turbines is increasing, and interest 
in community wind power projects 
is on the rise in several countries. 
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8.5 per cent. During 2011, modern 
renewables continued to grow 
strongly in all end-use sectors: power, 
heating and cooling and transport. In 
the power sector, renewables accounted 
for almost half of the estimated 208 
gigawatts (GW) of electric capacity 
added globally during 2011. Wind and 
solar photovoltaics (PV) accounted for 
almost 40 per cent and 30 per cent of 
new renewable capacity, respectively, 


SOLAR PHOTOVOLTAICS 


Solar photovoltaics (PV) saw another 
year of extraordinary market growth. 
Almost 30 GW of operating capacity 
was added, increasing total global 
capacity by 74 per cent to almost 70 
GW. The trend towards very large scale 
ground mounted systems continued, 
while rooftop and small scale systems 
continued to playan important role. For 
the first time ever, solar PV accounted 
for more capacity additions in the 
EU than any other technology. While 
the EU again dominated the global 
market, led by Italy and Germany, 
markets expanded in other regions 
and China has rapidly emerged as the 
dominant player in Asia. Although 
2011 was a good year for consumers 
and installers, manufacturers struggled 
to make profits or even survive amidst 
excess inventory and falling prices, 
declining government support, slower 
market growth for much of the year, 
and significant industry consolidation. 
Module manufacturing continued its 
marked shift to Asia, mainly at the 
expense of European firms. 




















followed by hydropower (nearly 
25 per cent). By the end of 2011, 
total renewable power capacity 
worldwide exceeded 1,360 GW, up 
8 per cent over 2010; renewables 
comprised more than 25 per cent 
of total global power generating 
capacity (estimated at 5, 360 
GW in 2011) and supplied an 
estimated 20.3 per cent of global 


electricity. 


HYDROPOWER 
Anestimated 25 GW of new capacity 


came online in 2011, increasing 
global installed capacity by nearly 
2.7 per cent to approximately 970 
GW. Hydropower continues to 








generate more electricity than any other 
renewable resource, with an estimated 
3,400 TWh produced during 2011. 


Asia was the most active region for new 


projects, while more mature markets 
focused on retrofits of existing facilities 
for improved output and efficiency. 
Hydropower is increasingly providing 
balancing services, through expansion 
of pumped storage capacity, in part 
to accommodate the increased use 
of variable solar and wind resources. 
Companies reported increased sales 
in 2011 and large manufacturers have 
been investing in new plants and 
acquiring smaller firms to address 
renewable energy backlogs. 


BIOMASS FOR HEAT, POWER, 
AND TRANSPORT 


Markets are expanding rapidly, 
particularly in Europe where biomass 
is used increasingly in district heat 
systems. Another growing trend, also 
taking place largely in Europe, is the 
use of bio-methane (purified biogas) 
that can be injected directly into 
the natural gas network and used to 
produce heat and power and to fuel 
vehicles. Biomass power capacity 
increased from about 66 GW in 2010 
to almost 72 GW at the end of 2011. 
The United States leads the world in 
biomass-based power generation, with 
other significant producers in the EU 
in addition to Brazil, China, India, and 
Japan. Improvements in the logistics 
of biomass collection, transport, 
and storage over the past decade, 
and growing international trade 
(particularly in pellets), have helped to 
remove constraints on plant size, and 
the size of facilities in some countries 
is increasing as a result. During 2011, 
ethanol production remained stable 
or declined slightly for the first time 
in more than a decade, but biodiesel 
production continued to rise globally. 











SOLAR THERMAL HEATING 
AND COOLING 


Solar heating capacity increased by 
an estimated 27 per cent in 2011 
to reach approximately 232 GW, 
excluding unglazed swimming 
pool heating. China again led 
the world for 
installations, with Europe a distant 
second. Most solar thermal is used 
for water heating, but solar space 


heating and cooling are gaining 


solar thermal 


ground, particularly in Europe. 
The year 2011 was difficult for 
parts of the solar thermal industry 
due to the economic situation in 
northern Mediterranean countries 
and the general negative outlook 
across much of Europe. China 
remained dominant in the global 
solar heating industry, a position 
that it has held for several years. 
The export of Chinese products 
in the sector has increased 
considerably in recent years. 


OCEAN ENERGY 


After years that saw development 
of only small pilot projects, global 
ocean power capacity almost 
doubled in 2011. The launch of 
a 254 MW tidal power plant in 
South Korea and a 0.3 MW wave 
energy plant in Spain brought 
total global capacity to 527 MW. 
A number of additional projects— 
pilot and utility 
scale—were under development in 
2011, designed to test and dem- 
onstrate 


small scale 


various technologies 
for full commercial applications 
in the near future. Continued 
investment and strategic part- 
nerships are coalescing around 
and tidal 
technologies that look poised for 
deployment on a large scale in the 
coming years. 


several key wave 
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CONCENTRATING SOLAR 
THERMAL POWER 

More than 450 megawatts (MW) 
of concentrating solar thermal 
power (CSP) was installed in 2011, 
bringing global capacity to almost 
1,760 MW. Spain accounted 
for the vast majority of capacity 
additions, while several developing 
countries launched their first CSP 
plants, The industry expanded 
its attention from Spain and the 
United States to new regions. 
Parabolic trough plants continued 
to dominate the market, but new 
central receiver and Fresnel plants 
were commissioned during 2011. 
Although CSP faced challenges 
associated with rapidly falling PV 
prices and the Arab Spring, which 
slowed development in the Middle 
East and North Africa, significant 
capacity was under construction. 


GEOTHERMAL HEAT AND 
POWER 

Geothermal energy provided an 
estimated 205 TWh in 2011, one- 
third in the form of electricity (with 
an estimated 11.2 GW of capacity) 
and the remaining two-thirds in the 
form of heat. At least 78 countries 
used direct geothermal energy in 
2011. Most of the growth in direct 
use was associated with ground- 
source heat pumps (GHP), which 
can provide heating and cooling 
and have experienced growth rates 
averaging 20 per cent annually. 
Geothermal electricity saw only 
modest expansion in 2011, but the 
rate of deployment is expected to 
accelerate with projects under devel- 
opment in traditional markets and 
the movement into new markets in 
East Africa and elsewhere. © 
SES i EY GR 


Inputs from REN21, Renewables Global 
Status Report 2011-2012 
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COVER STORY 


THREE DECADES OF 
RENEWABLES IN INDIA 


Although the renewable energy has been utilized in India since ages, the organized beginning 
of renewable energy development in India can be traced back to 1981. Over the last three 
decades the renewable energy has seen many phases ranging from demonstration to 
commercialization. Today it is the most important sector in India which provides a sustainable 
solution to energy crisis. 

ARUN K. TRIPATHI 
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he power sector in India has grown in terms of its size and coverage, technology, Solar pump installed at district 
capacity addition and more. As a result, the cumulative installed capacity in the Dhamtari. Chhattisgarh 
country has reached about 2,11,766 MW as against 1300 MW in 1947 with an 

estimated peak shortage of about 14 per cent. "the journey towards realising the 





optimal potential of renewable energy in India today spans three very fruitful 
decades. Renewable energy has carved a niche for itself within the mainstream of energy 
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supply options in the country and has penetrated the bastions of conventional energy 
supply systems. It is no longer ‘alternate energy’, but a key component of the solution to 
the nation’s energy needs. The applications of renewable energy are widespread, ranging 
from electricity supply, cooking and heating, transport, etc. Renewable energy sector 
is now seen as a significant player in grid connected power generation and also as the 


off-grid energy provider. 
RELEVANCE OF RENEWABLE ENERGY IN INDIA 


India is blessed with an abundance of natural resources, like solar, wind and biomass 
including agricultural residues. Most parts of the country have about 300 sunny days with 
average solar radiation incidence over the land in the range of 4-7 kWh/sq. m per day. The 
estimated wind power potential at 80 meter height has been found to be 102 GW which is 
further being validated with field measurements. Harnessing these resources is the panacea 
for all energy related woes particularly in remote and far-flung villages. Renewable energy 
can play a vital role in meeting the energy requirements in a decentralised manner, besides, 
feeding into the national grid, to some extent. Since, there is a significant gap between 
the demand and the supply of energy in our country, renewable energy provides a ray of 
hope towards mitigating this gap. In rural area, where the electricity supply is erratic, of 
poor quality and available for very short periods, a renewable energy based option seems 
to be the only solution. The renewable energy systems, being modular in nature and very 
comfortable with decentralised installations are thus the most suitable. 


A MODEST BEGINNING 


Mankind has been utilizing solar energy for drying purposes, wind energy for sailing boats 
and grinding of grain, biomass for the cooking and heating, and streams for grinding 
through water mills, etc., since time immemorial. The utilization pattern of renewable 
resources has changed as per the varying end use applications. 

The first attempt to build a dung based plant for producing biogas through biological 
decomposition process appears to have been made in Bombay in 1900. A sewage 
purification plant at Dadar Bombay was commissioned in 1937, which also produced 
methane. Thereafter, many designs of biogas plants were developed by Indian Agricultural 
Research Institute (IARI), New Delhi. In 1951, Shri Jasbhai J. Patel patented the 
cattle dung fermentation process. In 1954 the Gramlakshmi model was developed as a 
modification, which adopted by the Khadi and Village Industries Commission (KVIC) 
since 1962. In the late 70’s the Janta Biogas model was developed with a 20 per cent 
lower cost component. The Department of Science and Technology (DST), Government 
of India provided financial assistance under All India Coordinated Project on Biogas 
Technology to many institutions and thus the technology of biogas plant improved, 
matured and established in India. 

In early 1977, the first indigenously developed crystalline solar cell and a module was 
developed by Central Electronics Limited (CEL) in India and by 1985 CEL demonstrated 
annual production capacity of 1 MW each for the manufacture of solar cells and the 
photovoltaic (PV) module. 

The importance of renewable energy sources in the transition to a sustainable energy 
base was recognized in the later part of 1980s. The organized institutional development 
of renewable sector in India started in 1981, when the Government of India established 
a Commission for Additional Sources of Energy (CASE) in the DST, on the lines of the 
Space and Atomic Energy Commissions. In 1982, a new department i.e. Department of 
Non-conventional Energy Sources (DNES), that incorporated CASE, was created under 
the then Ministry of Energy. In 1992, DNES became the Ministry of Non-conventional 
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Energy Sources. In October 2006, the Ministry was rechristened as Ministry of New and 
Renewable Energy (MNRE). The Ministry has been facilitating the implementation of a 
broad spectrum of national level programmes on grid-connected and off-grid renewable 
power, use of renewable energy in rural urban and industrial areas for lighting, motive 
power, electricity generation, heating, space conditioning, alternate fuels development 
besides, providing support to research and development of new and renewable energy 
technologies, products and services. 


THE ESTIMATED POTENTIAL 


The potential of grid interactive renewable power is estimated at about 169 GW which also 
includes 20 GW solar powers targeted by 2022 (Table 1). In addition, huge potential exists 
for off-grid decentralised applications. 


TRENDS IN RENEWABLE ENERGY DEVELOPMENT IN INDIA 

= The first decade (1982 -1992): Post establishment of the DNES the first decade 
was the era of consolidation of information on renewable energy development at 
various institutions, development and demonstration and establishment of various 
renewable energy systems and devices in the country. The major systems/devices that 
were developed include solar water heater, solar lightning; solar cooking system, biogas 
plant, solar water pump, small hydro power plant etc. The grid power installations were 
minimal, mainly from wind and small hydro. A new and exclusive financial institution 
i.e, Indian Renewable Energy Development Agency (IREDA) was created by the DNES 
with the aim to provide finances for the renewable energy projects, support to the 
manufacturing sector, and procurement of assistance from donor agencies. For the first 
time wind power was demonstrated and the concept of grid connected renewable power 
evolved during this period. 

= The second decade (1992-2002): During the second decade the commercialisation of 
renewable energy took place. The targets were set for the development of grid interactive 
renewable power. A strategy and action plan was prepared with the focus on the grid 
connected renewable power. It was the time when initially the utilities were not ready 
to accept the renewable power in to the grid. There was no policy for the trade of 
renewable power. During 1993-1994 the guidelines were issued for the first time for 
sale of renewable based electricity from wind, solar, biomass and small hydro power 
in the country. Although, these guidelines were voluntary in nature, 17 states gave 
positive indications to follow these guidelines. The concept of wheeling and banking 
of renewable power was promoted. The need for commercialising the renewable energy 
in a sustainable manner was strongly felt and the Department of Non-Conventional 
Energy Sources (MNES) was upgraded into a full fledged Ministry, i.e., Ministry of 
Non-Conventional Energy sources (MNES). 

« The third decade (2002-2012): During the third decade the renewable power was 
introduced in the New Electricity Act 2003. It gave a boost to renewable power development 
and provided a legal status with acceptability in the existing grid. The renewable power was 
seen as a contributor in the energy mix of the country. This decade saw the implementation 
of the 10th and 11th Five Year Plans. About 21500 MW renewable power was installed 
during this decade (Table 1). India gained the 4th rank in wind power which slipped to Sth 
rank at later stage after China entered the field in a big way. 

During the 1 1th Five Year Plan period, the renewable energy sector witnessed tremendous 
changes in policy with accelerated and ambitious plans to increase the contribution of solar 
energy in the energy mix of the country. The perception that renewable energy cannot play 
a significant role was changed with substantial additions in power generation capacities. 
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The launching of the Jawaharlal Nehru National Solar Mission JNNSM) as part of the | 


National Action Plan on Climate Change highlights the transformation of renewable INDIA'S RENEWABLE 








energy sector. 

The introduction of the renewable power in the Electricity Act 2003 enabled the ENERGY PROGRAMME 
development of policy and regulatory framework for renewable power which mandated IS DRIVEN PRIMARILY 
the State Electricity Regulatory Commissions (SERCs) to promote renewable power along BY SIGNIFICANT 
with cogeneration by providing suitable measures for connectivity with the grid and sale of 
electricity to the third party. It also enabled the fixation of a certain minimum percentages PRIVATE SECTOR DRIVEN 
of renewable electricity to be purchased by the distribution companies in their area. The INVESTMENT AND 
sn (h) ee the guiding factor while specifying the terms and conditions of the BUSINESS OPPORTUNITIES 

eterminat tariff. 

come rice THAT NOW EXCEED 4 


The National Electricity Policy 2005 also made provisions for the progressive increase 

in the tariff levels and the power purchase through the bidding process. In a landmark BILLION USD PER YEAR. 
boost to the renewable power, the CERC issued a notification on “Terms and Conditions ILLL] 
for recognition and issuance of Renewable Energy Certificates (RECs) for the renewable 
power generation. The launching of REC mechanism provided flexibility for the trade 
of the renewable power, beyond the state boundaries and helped in the creation of a pan- 
India renewable energy market. Renewable Portfolio Obligation (RPO) also known as 
Renewable Portfolio Standards (RPS) which generally places an obligation on electricity 
supply companies to produce/consume a specified fraction of their electricity consumption 
from renewable energy sources was introduced with the legislative support reflected from 
the Electricity Act 2003. 

The other significant achievements during this period are the introduction of solar specific 
purchase obligations; launching of improved cook stoves initiatives; initiating coordinated 
research and development activities in solar PV and thermal; second generation biofuels, 


hydrogen energy and fuel cells, etc. 
GRID-INTERACTIVE RENEWABLE POWER 


As a result of the enabling provisions, conducive policies, initiatives by the states, fiscal 
and the financial supports from the MNRE, the grid-interactive renewable power capacity 
in the country has reached about 28,500 MW on 31 May 2013, which is about 13.6 per 
cent of the total grid installed capacity in the country. It contributes to about 4.5 per cent 
to electricity generation. It may also be seen that due to the JNNSM, the growth of solar 
power is exponentially high during the Eleventh Plan period. The plan wise growth of the 


renewable power vis-à-vis the estimated potential in the country is given in Table 1. 
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OFF-GRID AND DECENTRALISED RENEWABLE APPLICATIONS 


Apart from the grid interactive renewable power, ambitious programmes for the deployment 
of off-grid/distributed renewable power and decentralised renewable energy systems and 
devices in rural, urban and industrial areas have established the utility of many renewable 
energy based applications. A summary of the achievements in off-grid distributed renewable 
power and decentralised energy systems is given in Table 2. 


IMPACT OF RENEWABLE ENERGY 


There has been a visible impact of renewable energy in the Indian energy scenario over the 
last three decades. Apart from contributing about 13.6 per cent in the national electricity 
generation installed capacity, renewable energy based decentralized and distributed 
applications have benefited millions of people in Indian villages by meeting their cooking, 
lighting and other energy needs in an environment friendly manner. The social and 
economic benefits include reduction in drudgery among rural women and girls engaged in Fi 
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market in electricity. The framework of the REC is expected to give a push to 

the renewable energy capacity in the country. About 2036 renewable energy 

generators or agencies have been registered for trading the RECs and about 
5941869 RECs have been issued so far in the country of which 3706859 RECs A 
have been redeemed. 
» CDM Projects: Almost all renewable energy projects are covered under the 
CDM mechanism for availing the CDM benefits. India is one of the biggest 
CDM host countries in the world. More than 2000 CDM projects are either ; 
already registered or under validation. More than 800 from these projects are i j 
wind power plants, 396 are biomass projects, 247 hydro power projects and 129 £ 
solar power projects. These projects have impacted India, being a developing a K 
country, in many ways. 

s Lab to Land Technologies: A number of renewable energy systems and devices 

have been developed in the country which include building integrated PV, kitchen 

waste based plants, solar water heating systems, solar cooking systems, solar 

steam generating/drying/air heating systems, solar concentrators for process heat 

applications, solar air-conditioning, power projects on methane recovery from 

STPs, biomass gasification based systems, biogas, wind power, small wind turbines, 

wind-solar hybrid system etc. Most of these technologies have been either developed 

in the country or have been adopted from the expert countries according to the 

Indian conditions. 

= Infrastructure Development: State Nodal Agencies (SNAs) for overall 

implementation of renewable energy programmes in all states and UTs have 

been established. The IREDA has financed over 2000 projects. Three specialised 

institutions Solar Energy Centre at Gurgaon, Haryana, National Institute 

of Renewable Energy at Kapurthala, Punjab and Centre of Wind Energy 

Technology(C-WET), Chennai, Tamil Nadu have been created for providing 


technical inputs to the.national level programmes in the country. 


MANUFACTURING BASE 


Development of a manufacturing base and encouragement to private 

entrepreneurs for ensuring mass production of renewable energy systems/ 

devices to reduce unit cost has been a major strategy. With the support of the 

government, over 300 retail marketing outlets for renewable energy products 

called ‘AkshayUrja Shops’ have been opened. Although, the manufacturing base 

has expanded to a large extent, the retail market of renewable energy products 

is yet to be developed. The indicative manufacturing base of renewable energy TABLE 4: The manufacturing base of the renewable 
sector is given in Table 4. energy sector 


NOS. OF 
RENEWABLE ENERGY SECTOR MA 
s Jawaharlal Nehru National Solar Mission (JNNSM): The Ministry launched  PENENABLE ENERGY SECTOR MANUFACTURERS 


the JNNSM and separate schemes for solar cities, green buildings, human resource Solar Thermal 221 
developments etc., during the 11th Plan. Under JNNSM, a target of 20,000 MW Solar PV Manufacturers 

| 2000 MW off grid sol lications and 7 million sq.m collector empane untar Bena lg oR ok 
solar power, off grid solar application q. scheme implemented thraugh > E 
area has been set, to be achieved by 2022. About 1047 MW capacity solar NABARD Se ee 
power projects have been commissioned in the country by 31st March 2013 Biomass Gasifier 46 d 
in Phase I. It includes 269.3 MW grid solar PV power projects under Batch 1 Biogas Plants and Appliances 35 i 
Phase I of JNNSM. Under Batch II of Phase I, letter of intent was issued to 28 Manufacturers of Small Hydro 3 | 
solar power projects, out of which 27 projects totalling 340 MW have achieved Power Equipment -4 
financial closure and commissioning is expected. Out of the above 20 MW of Manufacturers of Wind Turbines 17 


grid connected solar PV projects have been commissioned during the year. Out of SOURCE: MNRE 
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200 MW capacity, during Phase I, projects with a capacity of 55 MW have been 
sanctioned during 2012-13. The total capacity sanctioned so far thus becomes 
173 MW. For solar thermal collector area during the Phase I, about 6.17 
million sq. m of collector area has been installed against a target of 7 million. 

Under the off-grid solar scheme 27,841 solar lanterns, 53,588 solar home lights, 
21,957 solar street lights, 1,055 solar water pumping systems and stand-alone 
SPV power plants with an aggregate capacity of 9.365 MW were installed during 
2012-13 alone. Some of the major installations include stand-alone solar power 
plants in tribal hostels/ashrams, PHCs/CHCs, villages/industries in Chhattisgarh; 
SPV power plants /power packs for police stations /jails, CHCs /hospitals etc. and 
7,000 solar PV lanterns for beneficiaries in Singhbhum, Jharkhand; and 13,430 
solar street lights in Ambedkar villages in Uttar Pradesh. 

About 0.7 million sq.m solar collector area has been installed during the 
current year against a target of 1.4 million sq.m collector area. Twenty one states 
have adopted model regulation/building bye-law circulated by the Ministry 
of Urban Development for installation of solar assisted water heating systems 
in new buildings, and around 100 municipal corporations/municipalities 
are implementing the same. Use of solar concentrating systems of 320 sq.m 
collector area has been commissioned for vulcanizing purposes at an industrial 
unit in Faridabad. The largest solar concentrating HVAC system with storage 
has been installed at NTPC, Greater Noida, saving 1-1.2 lakh units of electricity 
per annum. Solar steam cooking continued as a major focus area. One of the 
significant installations was at IIT, Roorkee for steam cooking at eight student 
hostels. Two solar air dryers of 200 kg/day have been installed, one each in Kerala 
and Manipur. 

Continued emphasis was laid on research and development in various areas 
of solar energy technologies and application. The focus was on indigenization 
of technology, product development and resource assessment. Iwo new 
centers of excellence have been sanctioned at IICT, Hyderabad and NCL, 
Pune for dye sensitized solar cells and NPL, New Delhi for thin film 


solar cells. 


CONCLUSION 


The renewable energy has been fully established in the country over the last 
three decades. So far it has remained a Government driven activities but in 
many sectors like wind, small hydro and biomass, it has come to the parity 
level with other competing conventional resources. Solar energy electricity 
is slightly expensive than that of the conventional electricity but certainly 
it has become cheaper than the diesel engine based electricity. This is a 
great motivating factor for many commercial establishments. Overall the 
renewable energy sector has grown substantially and today renewable power is 
contributing significantly in the country’s installed power generating capacity. 
Besides, millions of renewable energy systems and devices are meeting the 
daily energy requirements of people. However greater involvement of end 
users and proper retail of renewable energy products for an enhanced outreach 
and easy access to the common man is the need of the hour. ‘The day is yet to 
be seen when the renewable energy systems and devices are available in the 
next door shops in every corner of the country. © 


The author is Director in Ministry of New and Renewable Energy, Govt. of India, 
New Delhi. Email - aktripathi@nic.in 
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WIND POWER POLICIES 
AND PROSPECTS 


India is heading for a dip in the net annual installed capacity with policy changes in 
the 12th plan. Thus a timely fillip is essential to reverse the downtrend, 


S. GOMATHINYAGAM 





s in February 2013, with over 18634 MW installed capacity of wind power, Indias AA view of a Gujarat wind farm 
wind power is heading for a dip in the net annual installed capacity with 1284 MW a itia 
installed from the last financial year’s peak of over 3100 MW as a result of policy | 

hanges in the 12th plan—at most another 200 to 300 MW may be installed by 

March 2013. As of now there is a decrease in installed capacity of 40 to 50 per cent, when 

compared to the last financial year. The Government of India, taking a note of the wind 






power reduction is likely to quickly reverse the down trend by giving a timely fillip in the 
recent budget through GBI (generation-based incentives) for wind power development 
in India. The article flags a few thoughts on potentials, issues, policies and the future 
prospects of wind power in India. 
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WIND POWER POTENTIAL 


There are a host of claims regarding wind power potential to lure the stakeholders, mainly 
based on land and grid infrastructure availability. There are reports which indicate total 
Indian wind power potential of 3000 GW, 600 GW, or 300 GW in windy states. But 
all these tall claims cannot be realised in a country like India having a highly populated, 
multi-party, multi-religion, multi-cultural, multi-language, socio-political democratic 
system. India is probably the only country in the world where multi-level measured wind 
characteristics/resource data is made available through Centre for Wind Energy Technology 
(C-WET), Ministry of New and Renewable Energy (MNRE) in over 650 locations in 
India with varying met-tower heights. In addition there is also privately measured and 
owned wind data in another 700 locations in India duly vetted by C-WET. C-WET in 
April 2010 released a Wind Atlas of India whose potential prediction at 50 m level is 49 
GW, at 80 m level—103 GW, with good level of confidence, verifiable with measured 
data. Considering the multiple possible use of land and other infrastructure (grid and road 
ways) in a energy starved country, MNRE is projecting as on date the figure of 49 GW 
at 50 m, for grid connected wind power. In reality, we can hope to have more capacity 
over 103 GW (80 m) upto 100 m level for which 75 C-WET stations are being installed 
with met-masts over the next two years with the best possible coordination of state nodal 
agencies (SNAs) to assess the wind resource in unexplored areas of India. 


ISSUES TO BE RESOLVED 


Land: Difficulty in getting forest land clearances at Western Ghats, buffer areas at tiger 
reserves and tribal land is retarding the wind power growth as identification and purchase 
of land for compensatory afforestation or procuring a license for fixed periods is a costly 
and long drawn process. Also direct purchase of private land is not allowed in some states 
and the procedure for conversion to non-agricultural use-alienation procedure is time 
consuming. Moreover, lack of time limit or non-compliance of ‘set time limit’ on private 
wind monitoring due to which a few developers are holding potential land for long time. 
Foot-print based land lease in paddy fields may work but a right of way access permission 
from the neighbouring land owner has been a challenge. 

Grid: Creation of infrastructure for power evacuation and transmission facilities is 
extremely pertinent at this stage. Also the development of scheduling and forecasting 
system industry and load duration curves (LDCs) is not yet fully prepared resulting in 
delays in power evacuation clearances. Grid capacity augmentation in several regions 
is needed to support the development of more wind power projects. Also, during peak 
windy season, many wind power projects were disconnected from the grid, which causes 
a lot of wastage of power. Other constraints include southern grid linkage to the national 
grid and fast track green corridor grid for RE in providing power evacuation facilities to 
the new developers. 

Tariff: States need to revise tariff as per Central Electricity Regulatory Commission (CERC) 
guidelines - although in some states zone wise tariff is practiced, but tariff is inadequate 
at low plant load factor (PLF) sites. Also for captive generation, banking and wheeling is 
not permitted in some states. Moreover, the entire cost of evacuation infrastructure has to 
be borne by the developer, after which despite the capacities being installed they are not 
commissioned on time by utilities. There are also few instances of delay in payments from 
utilities, which needs to be improved. 

In reality the actual potential of the states is not clear, and long-term plans are required 
for the development of the sector. With most of the high wind potential areas utilised 
by developers, fresh studies are required to be carried at new sites at higher altitudes. 
To take up repowering of old sites some states have to prepare detailed guidelines for 
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28 MW Wind Power project at Khabalwadi. Maharashtra 


WIND-A LEADER IN 
RENEWABLE ENERGY 


While the Indian wind turbine manufactures are proud of the annual capacity of 9500 
MW plus, the industry feels confident of meeting the NAPCC target of 15 per cent from 
renewable energy as envisaged by the government. 


RAMESH KYMAL 








hile the government of India is taking all measures to meet the National Action 
Plan on Climate Change (NAPCC) target of 15 per cent from renewable 
energy by 2020, the industry is geared up with manufacturing facility to 
support this. The quantum of power from renewable energy source is expected 
to rise in the coming years. The target is to add 15000 MW in the 12th Five 
Year Plan from wind energy alone. 





India’s Success Story in Wind: The wind sector has a pretty successful story to boast of 
with close to 20 GW of grid connected generation. The three decades of wind energy 
in the country saw an affirmative growth which put the country in the top 5 position 
globally. With an installed capacity of over 18,000 MW, India’s target is to add 15000 
MW in the 12th Five Year Plan Period. The country was able to add over 3000 MW in 
2011-2012 alone, which is seen as a considerable achievement by both the government 
and the industry. While the Indian wind turbine manufactures are proud of the annual 
capacity of 9500 MW plus, the industry feels confident of meeting the NAPCC target of 


15 per cent from renewable energy as envisaged by the government. 
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TABLE 1: Capacity addition in 2012-13 (as on 28th February 2013) 
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SOURCE: MNRE 


Top Five Countries in Wind: In 2012, India celebrated 25 years of wind energy that 
has grown with supportive and proactive policy in a manner that can set an example 
for the other sectors under the renewable energy basket. Though 2011 was a high 
rewarding year for wind segment world over, 2012 was termed as a bad year. ‘This 
doesn’t mean that we are not seeing progress made by China—in fact in 2012, China 
became the number one consumer of energy. Globally, in 2012, wind grew 20 per 
cent to a total of 282 GW and the addition in the year is 45 GW. Out of the total 
45 GW added, China and US led the chart with 13 GW each followed by Germany, 
India and UK. The last three added to a tune of 2 GW each in the last year. But in 
India it took a major hit, with close to 40 per cent drop in capacity addition from 
April-December 2012. While from April to December 2012 the country could add 
only a little over 1000 MW, the country was successful in adding more than 2000 
MW in the same period the previous year. 


Policy and Regulations: The government has been supportive with well laid policies for 
wind sector clubbed with incentives like accelerated depreciation (AD) and generation 
based incentives’ (GBI). It is true that the previous year with the removal of the AD 
and GBI took a hit in capacity addition. However, the industry breathed a sigh with 
the reintroduction of GBI in the budget announcements by the Finance Minister P 
Chidambaram. Reintroduction of GBI assumes greater significance as the industry has 
an ambitious plan of capacity addition in the current Plan Period. With this the industry 
would bounce back by 2014-15 and may be able to cross the set target of 5000 MW 
capacity every year. The move in providing low interest rate loans for funding wind energy 
projects will surely help in bringing down the fund costing. This fund allocation will be 
made available from National Clean Energy Fund (NCEF) through Indian Renewable 
Energy Development Agency (IREDA). And the re-introduction of AD, which is a tax 
deferral, can boost the capacity addition by another 1500 MW in the captive segment. 
Currently there are 18 manufacturers producing over 40 models ranging from 250 KW to 
2.1 MW. The technology is sourced from Europe i.e. Denmark, Holland, Italy, Spain and 
Germany. The original equipment manufacturer (OEM) manufacturing units are either a 
joint venture or wholly owned subsidiaries or Indian companies with technology transfer. 
Some of the manufacturers have gone into backward integration of producing their own 
blades, towers and controllers. In the recent development the turbine manufacturers 
who manufacture gearless machines have enhanced capacity to build the requirement of 
generators and converters. © 


The author is Chairman and Managing Director of Gamesa Wind Turbines Private Limited and 
Chairman, Indian Winds Turbine Manufacturers’ Association (IWTMA). Email- rkymal@gamesacorp.com 
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SMALL HYDRO 
DEVELOPMENT IN INDIA 


With the constant effort of the Government and techno-economic viability, small hydro has 
emerged as a feasible business option over the years. About 400 private sector small hydro 
power projects are now operational in the country on canals as well as small rivers. 





P. SAXENA 
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he estimated potential of small hydro (upto 25 MW station capacity) in India is of A Ullankal Smal 

about 20,000 MW of which about 3632 MW has been exploited. The aim is that Pint eee ates 
out of the total grid interactive power generation capacity that is being installed, 2 

per cent should come from small hydro. A target of adding 1400 MW during 2007- 

2012 was achieved. The Indian small hydro power (SHP) development programme 

received a new tempo after the liberalization of economy and invitation to the private sector 





to invest in the power sector. Today the SHP programme is essentially private investment 
driven. Electricity generation from small hydro has become increasingly competitive with 
preferential tariffs. The challenge is to improve reliability, quality and reduce costs. The 
focus of the SHP programme is to lower the cost of equipment, increase its reliability and 
set up projects in areas which give the maximum advantage in terms of capacity utilisation. 


DEVELOPMENT OF SMALL HYDRO 

Hydropower represents use of water resources towards inflation free energy due to absence 
of fuel cost with mature technology characterized by highest prime moving efficiency and 
spectacular operational flexibility. Out of the total power generation installed capacity in 
India of 2,23,868 MW (March, 2013), hydro power contributes about 17.5 per cent i.e. 
39,491 MW. A capacity addition of 88,000 MW is envisaged from different conventional 
sources during 2012-2017 (the 12th Plan), which includes 10,897 MW from large 
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hydro projects. In addition to this, a capacity addition of 30,000 MW is envisaged from 
renewable with 2,100 MW from small hydro upto 25 MW station capacity. 

India has a history of about 110 years of hydropower. The first small hydro project of 130 
kW commissioned in the hills of Darjeeling in 1897 marks the development of hydropower 
in India. The Sivasamudram project of 4500 kW was the next to come up in the Mysore 
District of Karnataka in 1902, for supply of power to the Kolar gold mines. Following this, 
there was number of SHPs set up in various hilly areas of the country. Till Independence 
(1947), the country had an installed capacity of 1,362 MW, which included 508 MW 
hydropower projects, mainly small and medium size projects. A planned development of 
hydropower projects in India started only in the post Independent era. ‘The focus was laid 
on large-scale power generation through big hydro, thermal and nuclear route. First 50 
years after Independence saw a capacity addition of 85,019 MW including 21,644 MW of 
hydropower stations, most of them being large hydro. Since the development was mainly 
in the Central sector and the state electricity boards (SEBs) were more or less tuned to the 
central planning system, relatively less importance was given to small projects. In late 80's, 
it was realized that the development of SHP potential has remained largely untapped as the 
focus was on large-scale power generation. In order to provide focused attention to small 
size projects, the subject of small hydro was brought under the purview of renewable energy. 

The decade of 90’s saw a firm footing for the development of small hydro in India. A 
comprehensive programme for exploitation of its potential was built. Demonstration projects 
were supported throughout the country with new technical and engineering concepts to J 
harness small, medium and high heads for SHP projects in hills as well as canals. R&D a A 
projects and a dedicated center namely Alternate Hydro Energy Centre (AHEC) at University 4 
of Roorkee (now IIT, Roorkee), to provide technical support to the small hydro sector were ? 
supported. Database of potential SHP sites on small rivers and canals was concurrently 
developed. A pre-investment study was carried out under the auspices of the energy sector 
management assistance programme (ESMAP) jointly supported by UNDP and World Bank 
with an objective to prepare an investment programme to develop irrigation/canal based 
hydro schemes. Alongside, the manufacturing base for SHP equipment was strengthened. 

Against the background of depleting forest resources of Himalayas, the United Nations 
Development Programme—Global Environment Facility (UNDP-GEF) Indian Hilly 
Hydro Project was initiated in the year 1994 as the first Indian project from GEF portfolio 
in order to develop a national strategy and master plan for optimum utilization of small 
hydro resources of Himalayan and sub Himalayan region with an outlay of 15 million USD 
equally shared by Government of India and GEE. The Project also envisaged implementation 
of 20 demonstration SHP projects, design and development of watermills for electricity 
generation and to develop management and ownership models through community 
participation. The project succeeded in developing concept of community participation for 
SHP and watermills apart from sensitizing the states, manufacturers, consultants, NGOs etc. 
All these efforts lead to a firm programme of small hydro in India. 


HYDRO POWER CLASSIFICATION IN INDIA 


Hydro power projects are generally categorized in two segments i.e. small hydro and 
large hydro. While Ministry of Power, Government of India deals with large hydro power 
projects, the responsibility of small hydro development rests with Ministry of New and 
Renewable Energy (MNRE). In India, hydro projects up to 25 MW station capacity have 
been categofized as SHP projects. The total hydroelectric power potential in the country 
is assessed at about 150,000 MW, equivalent to 84,000 MW at 60 per cent load factor. 
The potential of SHP projects is estimated at about 20,000 MW. Of this, 6,474 potential 
sites with an aggregate capacity of 19,749 MW have been identified. 
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Grid-interactive SHP projects 

Beginning of the 21st century saw near commercialization in the small hydro sector. 
There are 967 SHP projects in India with total installed capacity of 3632 MW. The 
MNRE decided that out of the total grid interactive power generation capacity that is 
being installed, 2 per cent should come from small hydro. This translates to about 2100 
MW capacity addition during 2012-2017. The present focus of the SHP programme is 
to lower the cost of equipment, increase its reliability and set up projects in areas that 
give the maximum advantage in terms of capacity utilization. SHP projects are being set 
up both in public and private sector. 

The Indian small hydropower development programme received a new dimension 
and tempo after the liberalization of the economy and invitation to the private sector 
for investment in power. The private sector was attracted by these projects due to their 
small adoptable capacity matching with their captive requirements or even as affordable 
investment opportunities. In line with Government's policy, some states announced 
their policy for inviting private sector to set up SHP projects and announced buy back 
rate for purchase of power from renewable energy projects. 

Today the SHP programme in India is essentially private investment driven. In fact 
329 private sector SHP projects of about 1748 MW capacity have been setup. Private 
sector entrepreneurs are finding attractive business opportunities in small hydro and 
state governments also feel that the private participation may be necessary for tapping 
the full potential of rivers and canals for power generation. The Government of India 
announced the Electricity Act in 2003, Electricity Policy in 2005 and Tariff Policy in 
2006 to create a conducive atmosphere for investments in the power sector. 

SHP projects are now governed by these policies and the tariff is decided by the state 
electricity regulatory commissions (SERCs). The state government policies have been 
further refined to make them entrepreneur friendly. Till now 24 out of 29 states in India 
have announced policies for setting up commercial SHP projects through private sector 
participation. The facilities available in the states include wheeling of power produced, 
banking, buy-back of power, facility for third party sale, etc. The procedure for allotment 
of sites have been streamlined and made transparent. While some states continued with 
allotment of already identified sites, some others even allowed identification of potential 
sites by the entrepreneurs themselves. Number of financial institutions and banks are 
financing the projects. The Government and the small hydro sector has now moved 
towards the regime of ‘renewable energy purchase obligation’ and ‘renewable energy 
certificates’. 

The MNRE is giving financial subsidy, both in public and private sector to set up 
SHP projects. In order to improve quality and reliability of projects, it has been made 
mandatory to get the project tested for its performance by an independent agency 
and achieving 80 per cent of the envisaged energy generation before the subsidy is 
released. In order to ensure project quality/performance, the Ministry has been insisting 
to adhere to [EC/international standards for equipment and civil works. The subsidy 
available from the Ministry is linked to use of equipment manufactured to IEC or other 
prescribed international standards. The Ministry has given an assignment to AHEC, 
IIT Roorkee to revisit the existing standards and come out with standards/manuals/ 
guidelines for improving reliability and quality of SHP projects in the country. In all 31 
standards are in final stages and would be launched very soon. 


Decentralized SHP projects 


The rural energy scenario in India is characterized by inadequate, poor and unreliable 
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supply of energy services. Realizing the fact that mini hydro power projects can provide 
a solution for the energy problem in rural, remote and hilly areas where extension of 
grid system is comparatively uneconomical. Promoting mini hydro projects is one of the 
objectives of the SHP programme in India. A number of mini/micro hydro projects have 
been set up in remote and isolated areas, mainly in Himalayan region. While these projects 
are developed. by various state agencies responsible for renewable energy, the projects are 
normally maintained with local community participation. A number of tea garden owners 
have also set up such micro hydro projects to meet their captive requirement of power. 
With the R&D efforts, new and improved designs of water mills have been developed 
for mechanical as well as electricity generation of 3-5 kW. These designs were tested at 
AHEC, IIT, Roorkee and have been replicated by 6-7 small scale manufacturers. Local 
organizations such as the water mill associations, cooperative societies, registered NGOs, 
local bodies, and state nodal agencies are being encouraged to install water-mills in 
their areas. 


MANUFACTURING STATUS 


India has a wide base of manufacturers of equipment for SHP projects. State-of-the-art 
equipment is available indigenously. In all 15 manufacturers fabricate almost the entire 
range and type of SHP equipment. Manufacturers’ capacity is estimated at about 400 
MW per year. In addition, there are about 10 manufacturers who are producing micro 
hydel and water-mill equipment. 


TECHNICAL AND CONSULTANCY SERVICES 


Consultancy services in the field of SHP are available in a number of Government/ 
private consultancy organizations. The Ministry is strengthening technical institutions 
to provide such services. AHEC, IIT Roorkee is providing full range of technical services 
in the field of small hydro including survey and investigation, DPR preparation, project 
design etc. On site testing facility has been created at AHEC to test SHP stations for 
their performance. A real time simulator has been set up at AHEC which is providing 
hands-on experience to operators of SHP stations. It is the first SHP simulator in 
the country. The simulator is capable of replicating all conditions of a hydro power 
station. AHEC is offering regular training programmes for operators and engineers of 
SHP stations. 

With the constant efforts of the government and techno-economic viability with 
some preferential treatment, small hydro has emerged as a viable business option 
over these years. About 400 private sector SHP projects are now operational in the 
country on canals as well as small rivers. It is expected that the growth of small hydro 
would be 350-400 MW per year in the coming years. Simultaneously, micro hydro 
projects have also emerged as a reliable source of electricity generation for remote 
and isolated areas. Efforts are being made to strengthen hydrological data base and 
identify new potential sites on one side and evacuation facilities on the other for 
effectively harnessing small hydro potential in the country. Trained manpower and 
good equipment manufacturing base exists to cater to the growing needs of the 
sector. Appropriate selection of sites and sizing of projects to give higher plant load 
factors are considered important to further improve economic viability of commercial 
SHP projects. © ‘ 


The author is Adviser, Small Hydro Power, Ministry of New and Renewable Energy, Govt. of India. 
Email-psaxena@nic.in 
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GRID-INTERACTIVE SPV ROOFTOP PLANTS: A WIN-WIN SITUATION 4 














USA. In the USA, net metering is operational in 43 states eironi connec rooftop Py 


but specific rules defer from state to state. The Energy Policy 
Act 2005 mandates all public electricity utilities to make net 
metering options available to all customers. California has 
maximum installed onsite customer generated solar capacity a 
of 991 MW with 1,01,284 net metering consumers from Rooftop PV 
115000 sites. 
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SPV GRID CONNECTED ROOFTOP IN INDIA 

Andhra Pradesh, West Bengal, Gujarat, Karnataka, Tamil 
Nadu, Uttarakhand, Uttar Pradesh and West Bengal have 
initiated actions for promoting the SPV grid connected Electric Grid 
rooftop projects. In West Bengal, grid connected rooftop 
is allowed only for institutional consumers with 2-100 kW size. Connectivity is allowed 
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at low or medium voltage (6 kV or 11 kV) of distribution system and solar injection is 
permitted only upto 90 per cent of annual electricity consumption. Net energy supplied 
by the utility will be billed as per existing slab tariffs and the solar generation will offset 
consumption in the highest tariff slab and then the lower slab. As per recent policy all 
existing and upcoming commercial and business establishments having more than 1.5 
MW contract demand to install SPV rooftop systems are required to meet at least 2 
per cent of their total electrical load. All existing and upcoming schools and colleges, 
hospitals, large housing societies, and government establishments having more than 0.5 
MW contract demand are required to install SPV rooftop systems to meet at least 1.5 
per cent of their total electrical load. The Policy targets 16 MW of rooftop and small PV 
installations by 2017. 

In Gujarat, Gandhinagar city has initiated a 5 MW (4 MW in government buildings 
and 1 MW in private homes) rooftop PV programme based on FIT/sale to utility. Two 
project developers for 2.5 MW each have been selected through reverse bidding with 
GERC cap of Rs. 12.44/kW. Torrent Power will buy from developer (AzurPower) @ Rs. 
11.21/kW for 25 years and Azure Power will pass on Rs. 3.0/kW to rooftop owner as 
roof rent. Recently 5 more cities—Bhavnagar, Mehsana, Rajkot, Surat and Vadodara have 
started installing pilot rooftop projects. 

In Karnataka, as per new RE policy 2009-14, the State will promote rooftop with net 
metering. System size to be 5-100 kW and interconnection at 415 V, 3 phase or 11 kV 
have been allowed. Maximum energy injection allowed is upto 70 per cent of energy usage 
at site from Discom. Energy injection will be settled on net basis in each billing period, 
no carry forward is allowed. 

In Tamil Nadu, as per ‘State Solar Policy 2012’ 350 MW SPV rooftop has been 
targeted during 2012-2014.50 MW rooftop, which will be supported through GBI @ | 
Rs. 2/kW for the first 2 years, Rs. 1/kW for the next 2 and Rs. 0.50/kW for other 2 | 
years. Net metering will be allowed at multiple voltage level. The interconnection will 
be as follows: 

< 10 kW - connection at 240 V 
l0to15kW -connection at 240/415 V 
15 to50kW ~ - connection at 415 V 
50 to 100 kW - connection at 415 V 
100 kW - connection at 11 kV 

Exemption from payment of electricity tax will be allowed for 5 years for 100 per cent 
solar electricity used for self/sale to utility. All new government/local body buildings 
shall necessarily install PV rooftops. 
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In Chandigarh, aboyt 3.0 MW projects of SPV grid connected PV rooftops projects 


have been sanctioned forthe model solar city which are under installation of which 150 SOLAR PV SYSTEM ON THE 


kW have been commissioned. Discoms has agreed to purchase power and the rates are 


j being finalised. he ROOF TOP OF SELECTED 


_ Solar Energy Corporation of India has been entrusted with the execution of 16.6 MW BUILDINGS CAN BE 
plants by the Ministry in the country under the funding received from National Clean INSTALLED FOR MEETING 
Energy Fude The projects are under implementation. THE REQUIREMENT OF THE 
BUSINESS MODELS FOR ROOFTOP AND SMALL SCALE SOLAR POWER PLANTS BUILDING AS MUCH AS 
For theřsuccess of smooth operation of rooftop and small solar power plants, various POSSIBLE. 


situations and conditions need to be worked out to make it a workable business model. LITI 
There can be many possible business models, some of which can be considered are as follows: 
« Solar installations owned by consumer 

m Solar rooftop facility owned, operated and maintained by the consumer(s). 
« Solar installations owned, operated and maintained by 3rd party 
The 3rd party implements the solar facility and provides services to the consumers. The 
surplus electricity may be injected to the electricity grid. The combinations could be : 

m Arrangement as a captive generating plant for the roof owners: The 3rd party 
implements the facility at the roof or within the premise of the consumers; the 
consumer may or may not invest as equity in the facility as mutually agreed between 
them. The 3rd party may also make arrangement of undertaking operation and of 
maintenance of the facility. The power is then sold to the roof owner. 

a Solar lease model, sale to grid: The 3rd party implementing the solar facility shall 
enter into a lease agreement with the consumer for medium to long term basis on 
rent. The facility is entirely owned by the 3rd party and consumer is not required 
to make any investment in facility. The power generated is fed into the grid and 
the roof top owner gets a rent. 

= Solar installations owned by Discoms 

a Solar installations owned operated and maintained by the Discom: The Discom may 
own, operate and maintain the solar facility and also may opt to sub contract the 
operation and maintenance activity. The Discom may recover the cost in the form 
of suitable tariff. The electricity generation may also be utilized by Discom for 
fulfilling the solar renewable purchase obligation. 

s Distribution licensee provides appropriate viability gap funds: The Discom may 
appoint a 3rd party to implement the solar facilities on its behalf and provide 
appropriate funds or viability gap funds for implementing such facility. It may 
also enter into an agreement with the 3rd party undertaking the operation and 
maintenance of the solar facilities. 


PREREQUISITES FOR PROMOTION OF ROOFTOP AND SMALL SOLAR PLANTS 


s Feed-in-tariff: Since, the grid interactive rooftop and small solar plants have an impact 
on the revenue earnings of the Discoms, the provision should be made in such a manner 
that it provides a safeguard to all stakeholders including Discoms. The tariff should be 
' such that it is attractive for the roof owner and does not put too much burden on the 
Discoms. Therefore regulators have to come up with feed-in-tariff for roof tops with and 
without MNRE subsidy. 
= Necessity of connectivity regulations: Central Electricity Authority (CEA) has 
formulated draft “CEA (Technical Standards for Connectivity of the Distributed 
Generation Resources) Regulations, 2012”, which is expected to be notified by the 
Ministry of Power shortly. The announcement of such standards will provide necessary 
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guidance to Discoms and also shall provide the transparency in the process and encourage 
consumers for installing such solar plants. 

s Availability of electricity grid: The availability of electricity grid near the 
solar installation is an essential component which needs to be provided by the 
concerned agencies. 

s Eligible capacity for participation: Eligible capacity limit needs to be specified in order 
to avoid the grid congestion by the very small capacity solar plants. 

» Capacity building of Discoms: The Discoms staff needs to be trained to take up these 


activities and should be favourably inspired. 


MNRE SCHEME T0 PROMOTE GRID INTERACTIVE ROOFTOP SPV SYSTEM 

The Ministry has been implementing a programme on “Off-grid and Decentralized Solar 
Applications’ for the first phase of the Jawaharlal Nehru National Solar Mission (JNNSM) 
vides no. 5/23/2009-P&C dated 8th July 2010. The programme has been amended time 
to time and in the recent amendment, made vide ref. no. 5/23/2009-P&C (Pt.III) dated 
30th October 2012, a provision on this ongoing scheme has been made to connect the 
small SPV plants with grid to export excess power. As per this amendment, the para 3.2 in 
the aforesaid scheme may be amended to read as under:- 

Para 3.2 “Various off-grid (including provision to connect with grid to export excess 
power) solar PV system applications up to maximum capacity of 100 kW per system and 
off-grid—grid and decentralised solar thermal applications to meet/supplement lighting, 
electricity/power, heating and cooling energy requirements would be eligible for being 
covered under the scheme. For mini-grids for rural electrifications, applications up to 
maximum capacity of 250 kW per site would be supported. Connection with grid will not 
debar from coverage under the scheme.” The scheme is available in the website of MNRE 
at WWW. mnre.gov.1n. 


SUGGESTED MODUS OPERANDI 


s The project site/rooftops at office buildings, commercial buildings, residential complexes 
etc., can be selected on the basis of the total energy requirement of the premise and the 
area available for installation of roof top solar PV system. 
= Solar PV system on the roof top of selected buildings can be installed for meeting the 
requirement of the building as much as possible. 
s Though rooftop systems shall be generally connected on LV supply, large solar PV 
system may have to be connected to 11kV system. Following criteria have been suggested 
for selection of voltage level in the distribution system for ready reference of the solar 
suppliers: 
= Inup to 10 kW solar PV system, low voltage single phase supply shall be provided. 
a Thereafter up to a level of 100 kW solar PV system, three phases low voltage supply 
shall be provided. 
! In case load is more than 100 kW and does not exceed 1.5 MW, SPV system 
connection can be made at 11kV level. 
In case load is more than 1.5 MW PV system and does not exceed 5 MW, SPV 
system connection can be made at 11kV/33 kV/66kV level or as per the site 


condition. 


s Export-import meters/two way meters can be installed with the facility of net metering. 


Two way meters can also be used as they are cheaper and give better idea about power 
exported. The meter may also be finalized in consultation with the Discom. 

s The billing of buildings by Discom can be done on the basis of net energy drawn from 
the grid during the month on the tariff prescribed by the Regulatory Commission for 
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s z TABLE 1: Types of solar power plants and cost 





TYPE OF SYSTEM BENCHMARK COST (Rs./Wp) 


Solar power plants/packs 
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commercial consumers or as finalized with the Discom. 

m MNRE may provide one time subsidy up to 30 per cent of the benchmark cost of the 
project. The present proposed benchmark cost is given in Table 1 above. 

s A power purchase agreement (PPA) needs be signed between the owner of building, 3rd 
party and the Discoms as applicable. 

s An agreement between Discom and the owner of building/premise/SPV plant needs to 
be signed for the net metering and billing on the monthly/bi-monthly basis as applicable. 
Suitable payment security mechanism is to be provided by the Discom/state nodal 
agency/utility. 

The above options/procedure are suggestive in nature and it needs to be left to the 
wisdom of the implementing agency, user, Discoms and states to suitably modify it 
depending upon the prevailing conditions. There is also a need to formulate a separate 
policy on grid interactive rooftop and small solar plants by states. 


SUBMISSION OF PROPOSAL 


a The proposal can be submitted in the prescribed format for installing the stand alone 
SPV power plant for maximum capacity of 100 kW as given in the website www.mnre. 
gov.in. Details of grid connectivity and metering arrangements should also be given in 
the proposal. 
s For the trade of the electricity an agreement needs to be signed with Discom for which 
the consent letter or no objection letter from the concerned Discom should be attached 
with the proposal. 
© A sketch diagram indicating the metering arrangement with location, type and no. of 
i _. meters used, grid connection etc., should be attached. 
` m The details of proposed business model should be given indicating the pay-back 
_ period;:consent from the concerned parties/user should be given. 
= a The proposal can be submitted through the state nodal agencies channel partners. 
` The government departments/PSUs/government institutions can submit the proposals 
.. directly to the Ministry. 


© CONCLUSION 
-> Thus the SPV gird connected rooftop systems are being seen as the great future market 
Í in India. It can only develop if the distribution companies come out with a suitable - 
= `. mechanism for grid connectivity, power purchase agreements and the trade of solar 
+, electricity. The success of the programme lies with the grid parity price of solar electricity. 
` With about 30 per cent government subsidy, or even without subsidy it can be a win-win 
situation for both the players i.e., the end user and the Discom. © 


The author is Director in the Ministry of New and Renewable Energy, Govt. of India. Email- aktripathi@nic.in 
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2 Solar biomass hybrid cold storage-cum-power generation systems at SEC, Gwalpahari. Gurgaon 





EMERGING SOLAR 
THERMAL TECHNOLOGIES 


FOR MEDIUM & HIGH TEMPERATURE APPLICATIONS 


India is full of sun energy. Technologies developed on the use of this energy can help save 
fossil fuels for various applications, thereby, making modern sources of energy more 
accessible to rural people. 


A. K. SINGHAL 


t is a known fact that India is short of power. Almost 35 per cent of its population is still 
not able to access electricity at their homes in rural areas. In urban and semi-urban areas 
also, the demand is much more than supply. Utilities are not able to meet the peak load 
demand in most cities and towns. Result is the use of diesel gensets which contribute to 
about 20 per cent of the present installed capacity of power. About 80 per cent of our 
fuel oil requirement is being met through import, which is putting a huge burden on foreign 
exchange. Also liquid petroleum gas (LPG/piped gas) is not readily available at all places 
especially in rural and semi-urban areas. ‘The need is, therefore, to conserve these fossil fuels 
through energy efficiency measures and use of renewable energy devices/systems for which 
efforts are already being made by the Ministry of New and Renewable Energy (MNRE) and 
the Bureau of Energy Efficiency. 
India is full of sun energy. Technologies developed on the use of this energy can 
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help save fuels for various 
applications, thereby, paking 
modern sources of: energy 
more accessible to rural 
people. It has been noted that 
a huge amount of these fossil 
fuels, especially electricity and 
fuel oil are being consumed 
for thermal applications 
e.g. water /air heating, 
community cooking, process 
heat, space cooling etc., 
which probably could have 
been minimized by using 
other fuel options or to an extent with solar thermal technologies wherever possible. 
It has been estimated that about 15 million tonnes of fuel oil is being consumed in 
industries alone for process heat applications requiring temperature below 25° C. Over 
5 x 1012 units of electricity is also being consumed in various establishments for hot 
water and air heating applications. Another 35,000 MW of power is being utilized 
for cooling applications out of which 50 per cent is being generated through DG sets 
requiring fuel oil due to power shortages. 

Solar water heating is already an established technology and is in promotion at a large 
scale for providing hot water for various applications. This technology is, however, 
limited to temperatures below 9°C. Systems based on this technology also require 
large space for desired heat delivery. Concentrating solar technologies (CSTs) are now 
emerging fast in the country which can provide high temperatures in the range of 
100° - 450° C more even. These technologies basically focus the sunlight at a receiver 
to achieve higher temperatures for various applications. Since these technologies can 
focus the direct radiation coming from the Sun, they need to be tracked along with the 
Sun. The technologies can be based on single axis (E-W) tracking as well as dual axis 
(E-W and N-S) tracking. Depending on their tracking arrangement, they can be put 
in the category of medium or high temperature applications. 


STATUS ABROAD 


Most of these technologies 
have been developed and 
demonstrated in the USA 
and Spain mainly for the 
purpose of power generation. 





Most popular technologies 
for this purpose have been the 
parabolic trough concentrators 
and central tower receiver. 
Paraboloid dish and linear 
Fresnel reflector technologies 
have also been demonstrated at 
few places. These technologies, 
have, however, been hardly 
used for process heat, cooking 
or cooling applications. A 
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« Dish solar cookers are installed 
in various places of India with the 
support of MNRE 


« Concentrating sotar systems have 


been found to be suitable for cooking~ <= 


food for large number of people in 
community kitchens. 
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system using indigenously made concentrating parabolic troughs and triple effect vapour 
absorption machine has been developed and demonstrated at Solar Energy Centre (SEC), 
MNRE. It is a stand-alone system for day time use and can take care of intermittent clouds 
through small storage. The system has been found to be useful for offices and institutions 
working during the day when solar radiation is also available. Smaller systems of 5 and 
15 kW with air cooled condensers have also been developed and is in operation at SEC. 

A state-of-the-art paraboloid dish of 90 sq.m aperture area has also been developed in 
public private partnership mode and has been successfully demonstrated at SEC. The dish 
concentrates the incoming radiation onto a highly efficient cavity receiver which heats the 
working fluid up to 400° C for either direct applications or indirect applications via heat 
exchangers. The dish is designed to track the sun in two axis automatically to follow the sun 
without any manual intervention. The system has one of highest efficiencies and is expected 
to address most shortfalls of existing systems. 

To avoid manual errors in N-S adjustments of Scheffler dishes for keeping the focus 
at center of the receiver, dual axis automatically tracked dishes have been developed by 
Brahmakumaries at Mount Abu with required storage of heat in a metallic block for use 
in non sunshine hours. The heat stored could be utilised for various applications during 
nights by sending water to the metallic block which coverts it to steam/hot water. East 
West automatically tracked linear Fresnel reflector technology has also been developed and 
demonstrated by KG Design (P) Ltd at their factory for steam generation. Based on this 
technology a 1400 sq.m area plant has been installed at Ramanathapuram, Tamil Nadu for 


the purpose of desalination of sea water using steam generated from the plant. 


POTENTIAL AND CONSTRAINTS 


There is huge potential of CSTs in various sectors where heat generated at high temperatures 
from such technologies could be utilized for the purpose of community cooking in 
kitchens, laundry in hospitals and hotels, process heat in industries and also for space 
cooling applications; thereby, reducing the use of conventional fuels and GHG emissions 
in the atmosphere. Major constraints in large scale promotion of CSTs in the country are, 
however, as elucidated below which needs to be addressed urgently: 

© Lack of awareness about the technologies and their benefits. Information on successful 
projects through case studies and video films not available for public. » Import of high 
quality reflectors = Non-availability of evacuated tube receivers for CSTs = Foolproof 
technology packages for industries and other establishments not available = Space constraints 
for installations. Technologies requiring less space to be developed and promoted. = Non- 
availability of performance data on CSTs with varying DNI = No test standards and set ups 
for measuring performance of CSTs = Low returns on investments as compared to solar 


water heaters (SW/Hs). 


UNDP-GEF PROJECT 

To address these issues and accelerate the use of CSTs, a UNDP-GEF project on ‘Market 
Development of CSTs for industrial process heat applications’ with GEF support of 
USD 4.40 million is in operation since April, 2012 and will continue till March 2017. 
The major objective of the project is to develop market for CSTs through awareness 
generation, capacity building and other required measures with 45,000 sq.m of CST 
based systems installed in 90 industries/ establishments through demonstration and 
replication projects. This should result in reducing CO2 emissions by 39,200 tonnes and 
saving of 3.15 million litres of fuel oil per year. © 


The author is Director, Ministry of New and Renewable Energy, Govt. of India. The article is a joint effort of Project 
Management Unit UNDP-GEF Project on Concentrated Solar Heat, MNRE. Email- singhalak@nic.in 
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JAWAHARLAL NEHRU 
NATIONAL SOLAR MISSION 


Launched on 11th January 2010, Jawaharlal Nehru National Solar Mission has set the ambitious 
target of deploying 20,000 MW of grid connected solar power by 2022, At the same time it has also 
aimed at reducing the unit cost of solar power generation in the country. 
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he Jawaharlal Nehru National Solar Mission (JNNSM) was launched on llth 23kW solar thermal based 
January, 2010. The Mission targets include (i) deployment of 20,000 MW of grid Sterling engine 
connected solar power by 2022; (ii) 2,000 MW ofoff-grid solar applications including 





20 million solar lights by 2022; (iii) 20 million sq. m solar thermal collector area; 
(iv) creation of favourable conditions for developing solar manufacturing capability 
in the country; and (v) supporting R&D and capacity building activities to achieve grid 
parity by 2022. The Mission is to be implemented in three phases. 

For the first phase of the Mission, the Union Cabinet had approved a target to set up 
1,100 MW grid connected solar plants including 100 MW capacity plants as rooftop and 
other small solar power plants by March 2013. In addition, a target of 200 MW capacity 
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equivalent off-grid solar applications and 7 million sq. m solar thermal collector area were 
also approved. The Cabinet had also approved setting up of large utility scale grid power 
plants through bundling of solar power with the unallocated thermal power available 
from NTPC stations and the policy to provide generation based incentive for small grid 
connected solar power plants. 


GRID CONNECTED SOLAR POWER 

The Phase 1 of the Mission comprises of two sub-components viz., (i) 1,000 MW of large 
grid solar plants connected to 33 KV and above grid line, and (ii) 100 MW of rooftop and 
small solar plants, connected to grids below 33 KV. 


1,000 MW CAPACITY GRID SOLAR POWER PLANTS 


In order to facilitate grid connected solar power generation under the first phase, without 
any direct funding by the Government, Cabinet had approved NTPC Vidyut Vyapar 
Nigam (NVVYN) as the nodal agency to purchase 1000 MW of solar power from the 
project developers, bundle it with the unallocated power available from the NTPC coal- 
based stations and sell this ‘bundled’ power to the distribution utilities. It was decided to 
select projects of 500 MW capacity each based on solar thermal and solar photovoltaic (PV) 
technologies. Considering the relatively longer gestation period of solar thermal projects 
i.e. over two years, the selection of projects for 500 MW was completed in FY 2010-11. 
The size of solar thermal projects was in the range of 20 MW to 100 MW per project. The 
selection of PV grid power projects of 500 MW capacity was decided to be done in two 
batches over two financial years of Phase 1 i.e., 2010-2011 and 2011-2012. The size of PV 
projects in the first stage in 2010-11 was fixed at 5 MW per project. 

In February 2010, the guidelines for migration were approved. A total of 16 projects of 
84 MW capacity (54 MW for PV and 30 MW for solar thermal) were selected. The last 
date for commissioning of 54 MW capacity PV projects was end of October, 201 1—out of 
which PV Projects of 48 MW capacity have been connected to grid. The 30 MW capacity 
solar thermal projects were to be commissioned by March, 2013. 2.5 MW capacity of solar 
thermal power has been connected to grid. The selection of new grid solar power projects 
comprising of 150 MW of solar PV and 470 MW of solar thermal capacities was started by 
NVVN in August 2010. The projects were selected based on tariff discounting. 

In all, a total of 704 MW capacity grid connected solar power projects were selected, 
which comprised of 500 MW capacity of solar thermal power projects and 204 MW of PV 
power projects (Table 1). The Ministry also announced a payment security mechanism to 
provide comfort to bankers for payment by NVVN to solar project developers in the event 
of defaults by the purchasing state utilities. As approved by the Cabinet, a provision of Rs. 
484 crore has been kept in the solar payment security account. 

Out of 150 MW of solar PV grid connected projects, 130 MW have been commissioned 
(2 projects of 5 MW each could not achieve financial closure and 2 projects, 5 MW each 
were terminated as they were not commissioned as per schedule). Regarding 470 MW of 
solar thermal projects, the commissioning was scheduled by May, 2013. However, a time 
extension of 10 months has been granted. Guidelines of Batch-II of Phase-I of the Mission 
for balance 350 MW Solar PV capacity was issued on 24-8-2011. Notice for request for 
submission was issued by NVVN on 24-8-2011 and response for 154 bidders for 218 Solar 
PV Projects for 2515 MW was received. 

Letter of Intent was issued to 22 selected bidders for 28 solar power projects. 27 projects 
totalling 340 MW achieved financial arrangement and the commissioning schedule of these 
projects was fixed to be done by February, 2013. Out of the above, 24 projects totalling 290 
MW grid connected solar PV projects have been declared commissioned by March 2013. 
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TABLE 1: Overview of outcomes of the 
bidding process for selection of solar 
power projects under JNNSM 
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CERC approved tariff 


CERC approved tariff 


for solar PV (normal for solar thermal 
depreciation) (normal depreciation) 
1791 paise / kWh 1531 paise / kWh 
Max Min. Max Min. 
discount discount discount discount 
offered offered offered offered 
(Paise) (Paise) (Paise) (Paise) 
66 515 482 307 
Final tariff after Final tariff after 
discount for solar PV discount for solar 
(paise / kWh) thermal (paise / kWh) 
1095 | 1276 1049 1224 


SOURCE: MNRE 
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100 MW CAPACITY SOLAR POWER PLANTS 
The Ministry of New and Renewable Energy (MNRE) announced the guidelines for rooftop 
and other small solar power plants connected to the distribution network (below 33 kV) in 
June 2010. This component of the Mission was designed essentially as a state driven scheme 
to encourage the states to declare their solar policy for grid connected projects focusing on 
distribution network and to strengthen the tail end of the grid. Under this scheme, the 
state utilities purchase power from any of the generation companies based on the tariff 
fixed/approved by the respective state electricity regulatory commissions (SERCs). Another 
purpose of the scheme was to encourage as many states as possible to set up small solar grid 
connected projects. This would also help to create a database of performance of solar plants 
under different climatic and grid conditions. This was considered necessary for large-scale 
replication in future, particularly for meeting rural needs in the next phase of the Mission. 
Under these guidelines, a cap of a maximum 20 MW capacity projects per state was put. 
The project size was limited to a maximum of 2 MW capacity to be connected to distribution 
grid. The role of the Ministry was limited to providing a fixed Generation Based Incentive 
(GBI) to the state utilities at a rate equal to the difference of the CERC tariff for 2010-11 (Rs. 
17.91 per kW) and a reference rate of Rs. 5.5 per kW (Table 2). The projects were registered 
with IREDA through a web-based process, and 78 projects were selected to set up 98 MW 
capacity projects from 12 states. In all 69 projects of total capacity 88.80 MW have been 
connected to the grid. 


OFF-GRID SOLAR APPLICATIONS INCLUDING SOLAR HEATING 


The guidelines for implementation of off-grid solar applications were also announced on 
16th June 2010. A provision of 30 per cent capital subsidy and/or soft loan @5 per cent was 
made for general category states. In case of solar PV applications, a capital subsidy limited 
to a maximum of 90 per cent of the benchmark cost is available for Government driven 
projects in the special category states viz. North Eastern States, J&K, Himachal Pradesh 
and Uttarakhand and also the international border districts and islands, keeping in view 
special needs of the region and overall policy of the Government. IREDA was assigned the 
task to provide refinance to the interested banks to enable them to offer loans to consumers 
at 5 per cent annual interest rate. In order to encourage multiple channel partners to access 
support and reach out to the people, a process of accreditation of solar system integrators 
was introduced by the Ministry. Reputed agencies such as CRISIL, Fitch and ICRA were 
involved in the process. 

Out of 200 MW capacity, Ministry fixed a target of sanctioning 32 MW capacity projects 
in 2010-11 against which 40.6 MW capacity off-grid solar PV projects were sanctioned 
in 2010-11. Another 77.471 MW were sanctioned during 2011-12 against a target of 68 
MW for the year. During 2012-13,134.5 MW capacity projects were sanctioned. ‘The total 
capacity sanctioned during Phase-I thus was 252.5 MW. For solar thermal collector area 
during the first phase, about 7.001 million sq. m of collector area has been installed against 
a target of 7.0 million. 


RESEARCH AND DEVELOPMENT 


Research and Development is a critical component of the Mission. The Mission has 
endeavoured to accelerate ongoing R&D efforts on different aspects of solar PV and 
solar thermal technologies, including multi-disciplinary research, with the objective of 
improving the efficiency, systems performance and reducing the cost. A comprehensive 
policy for research & development has been put in place to achieve the objectives of cost 
reduction and efficiency enhancement. 

A National Centre for Photovoltaic Research and Education at I/T-Bombay was approved 


TABLE 2: CERC approved tariff for 
solar PV (normal depreciation) 1539 
paise/kWh 


SOLAR PV 


Max discount Min. discount 
offered (paise) offered (paise) 


790 595 
Final tariff after discount for solar PV 
(paise / kWh) ; 
749 944 
SOURCE: MNRE 
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in September 2010. Setting up of this Centre was included in the Mission Policy document. 
This Centre is actively engaged in research and education in PV. In April, 2011 the Centre 
started a new initiative on training of 1,000 teachers from colleges and universities by 
December, 2011, on different aspects of PV technology. A ten days’ workshop was carried 
through 35 remote centres located in various parts of the country. 

A new initiative includes joint research programme with CSIR laboratories. Two major 
research projects with National Physical Laboratory, New Delhi and IICL Hyderabad has 
been approved in 2011-12. 

A megawatt scale National Solar Thermal Power Test and Simulation facility has been set 
up at Ministrys Solar Energy Centre (SEC) by IIT, Bombay and a consortium of industries 
under a project of MNRE. The test facility is aimed to help in designing solar thermal 
power projects based on technology parameters and climatic conditions of the locations. 
Trials have been started at the project site. Simulation software has also been released by 
IIT, Bombay. 

An R&D-cum-demonstration project for development of Central Receiver Technology 
for solar thermal power generation has been sanctioned to a group led by an Indian industry 
and comprising scientists from USA, Spain and Switzerland. The project aims to design and 
develop solar tower with an output of 1 MW thermal energy. 

Development and demonstration of 1 MW capacity solar thermal power R&D project 
has been set up with 16-hour thermal storage at Mount Abu, with co-funding from German 
Government and Indian industry. The project is first of its kind to provide thermal storage 
of 16 hours.and will be based on fully indigenously developed solar dish technology. 

A project has been sanctioned to develop IIT-Jodhpur as a Centre of Excellence in Solar 

Thermal Research and Education. In order to strengthen the solar resource assessment and 
to meet the requirement of availability of solar radiation data, 51 solar radiation monitoring 
stations have been set up at sites of high potential in the country. This exercise has been 
coordinated by C-WET, Chennai, an autonomous institution of the Ministry. A central 
server facility for data collection from all these stations has been set up at C-WET. The data 
so collected will be useful in developing a solar atlas for the country. In addition, all the solar 
power projects selected under the Mission have also set up radiation monitoring equipment 
at their project sites. Another 60 stations are proposed to be installed during 2012-13. 
Following are the other centres of excellence sanctioned by the Ministry: 
s IIM Ahmedabad: Technology incubation and development of entrepreneurship (2010-11) 
» CEPT University, Ahmedabad: Solar passive architecture and green building technologies 
(2010-11) = Indian Institute of Chemical Technology, Hyderabad and National Chemical 
Laboratory, Pune: “Dye sensitized solar cells’. = National Physics Laboratory Delhi: Thin 
film solar cells. 


DOMESTIC MANUFACTURE 


One of the objectives of the Mission is to substantially enhance solar manufacturing across 
the value chain in the country. In line with this objective in the first phase of the Mission, 
30 per cent domestic content was made necessary for grid solar thermal projects. This 
condition is in place for all solar thermal power projects selected in the first phase. For 
the PV projects selected during 2010-11, use of domestic crystalline silicon modules was 
mandatory, but solar cells and modules made with other technologies can be imported. In 
Batch-II projects, selected in 2011-12 use of crystalline silicon solar cells and modules is 
allowed only if domestically manufactured. Products with other technologies i.e. thin film 
and CPE can however be imported. 

The present domestic manufacturing capacity for solar modules has exceeded 2000 MW 
per year. Following options of ‘Domestic Content Requirement’ for programmes under 
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Phase-II have been decided which would be opted while formulating the guidelines for 
oy Er A 51 SOLAR RADIATION 

Option-1: For all PV projects, cells and modules produced in India shall be used STATIONS 
Option-2: Price preference for domestic manufactured cells/modules MONITORING 


Option-3: Percentage of domestic content in cost terms (say 50 per cent) for both PV and HAVE BEEN SET UP AT 


ar r Salat SITES OF HIGH POTENTIAL 
ption-4: Percentage of cells manufactured in India IN THE COUNTRY TO MEET 


Option-5: Some batches with 100 per cent domestic content requirement 


Option-6: For thermal technologies material equivalent to 50 per cent of supply costs THE REQUIREMENT OF 


(excluding land, taxes, erection, financing, soft costs, etc) AVAILABILITY OF SOLAR 
Other actions: Anti-dumping, scheme to support low interest loans for domestic content portion. RADIATION DATA 
INSTITUTIONAL ARRANGEMENTS ene 


Solar Energy Corporation of India (SECI), a Section 25 company, was incorporated on 
20th September 2011 with an authorized capital of Rs. 2,000 crore and its office at NBCC 
Plaza, Saket, New Delhi. This Company would function under the administrative control 
of MNRE and would implement and facilitate the various activities of JNNSM. ‘The paid 
up capital so far has been Rs. 42 crores. 

A Solar Energy Research Advisory Council was set up to advise on research policy with 
a view to achieve the Missions targets. The term of the Research Advisory Council which 
was till 31-03-2013 has been extended till further orders without altering the composition 
of the council. A Solar Energy Industry Advisory Council was also set up whose term has 
expired on 31-03-2013. Constitution of a new council is under process. 


PHASE-II 

The Ministry has formulated a scheme for setting up of 750 MW of grid-connected 
solar PV power projects under Batch-I of Phase-II (2013-17) of JNNSM with Viability 
Gap Funding support to the tune of Rs. 1875 crore (maximum) from National Clean 
Energy Fund (NCEF). Proposal for implementation of this scheme was first placed for 
consideration of the Inter Ministerial Group (IMG) in its meeting held on 18.7.2012 
and has been approved in its meeting held on 25.2.2013. 

The scheme will be implemented through the SECI. The projects, to be set up on 
Build-Own-Operate (BOO) basis, will be selected through bidding on VGF required 
by the developers in order to enable them sell power to SECI at a fixed levelised tariff of 
Rs. 5.45 per kW for 25 years. SECI will sell this power to those state utilities/ Discoms 
who are willing to buy solar power at a fixed tariff of Rs. 5.50 per unit for 25 years. 

Consequent to IMG approval, the Ministry has formulated draft guidelines for 
implementation of the scheme and placed the same on its website for comments/ 
suggestions from all concerned stakeholders. It has also held consultation meetings on 
the scheme with specific stakeholder groups (developers/manufactures and financial 
institutions) and has received useful inputs for finalizing the guidelines. 

Draft note for requisite approval of CCEA has been circulated to concerned ministries/ 
departments on 26.4.2013 for their comments which are presently awaited and are being 
/ expedited. Thereafter the Cabinet Note will be finalized and submitted for consideration 
of CCEA. On off-grid SPV, projects of capacity 4.73 MW have been commissioned so 
far. In solar water heating, 16,601.70 sq. m of collector area have been installed so far. 
In all, over 1759.4355 MW capacity of grid connected solar power projects under 


various schemes have been commissioned so far in the country. © 





The author is Director, Ministry of New and Renewable Energy, Govt. of India. Email-adityanand.s@nic.in 
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India is very rich in three distinct sources of biomass energy namely energy plantations. 
agricultural crop residue and municipal and industrial wastes. Being an agricultural country. 
a large population of cattle and livestock exists in India. Thus, Indian villages have always 
been rich in bio-resources which can easily be converted to energy. 
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evelopment of biomass as a renewable energy source has drawn increasing interest * Biomass production at a sugar 
sj ~ aioe ~ ; : factory in Maharashtra. India 

worldwide in the last few decades. The driving force was the constantly increasing 

energy requirement, diminishing conventional resources such as oil and coal along 





with an increasing population. One of the major reasons for it is that all technological 

developments in the field of production and utilisation of biomass feedstock 
promise the application of biomass at lower cost and with higher conversion efficiency than 
was possible previously. For example when low cost biomass residues are used for fuels, 
the cost of electricity is often competitive with fossil fuel-based power generation. More 
advanced options to produce electricity are looking promising and will allow a cost-effective 
use of energy crops e.g. production of methanol and hydrogen by a gasification process. The 
constantly rising demand for energy will provide an almost inestimable market for energy 
crops. Secondly, the potential threat posed by climate change, due to high emission levels 
of greenhouse gases, the most important being COQ2, has become a major stimulus for 
renewable energy sources in general. When produced by sustainable means, biomass emits 
roughly the same amount of carbon during conversion as is taken up during plant growth. 
The use of biomass therefore does not contribute to a buildup of CO2 in the atmosphere. 
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Biomass conversion to energy in India has seen many ups and downs during last three 
decades. A rural energy crisis became discernible in the mid-seventies following the inflated 
oil prices, growing population, diminution of common lands traditionally supplying wood- 
fuels, increasing water stress and higher energy demand by irrigation-intensive agriculture 
in the course of Green Revolution. The instant remedial measure taken was to increase 
import of kerosene and diesel to take care of domestic and irrigation water pumping energy 
needs respectively. But this led to bigger import budget and consequent financial deficits 
since both these fuels were subsidised for meeting the basic needs of the poor. 

This was the time when an alternative policy was needed that would also be economically 
sustainable. In an agriculture based country like India, it was rather imperative for policy 
makers to perceive biomass as an energy alternative that could reduce the crisis. Thus a 
diverse biomass strategy was developed in an effort to improve the efficiency of traditional 
technologies, enhancing supply of biomass, introducing modern biomass technologies 
to provide reliable energy services at competitive prices, and establishing institutional 
support. Nodal agencies for energy development and coordination were set-up at the state 
level in the late 1970s. In 1982, the Government of India established the Department of 
Non-Conventional Energy Sources (DNES), which together with state agencies initiated 
programmes for biogas and improved cook-stoves which were aimed at decreasing the rural 
household energy supply crisis. This impetus faced many barriers to technological change 
and could achieve only moderate success. The decade of nineties saw a further thrust on the 
bioenergy promotion with fuel-wood plantation and biomass-based electricity generation. 

A need for alternate transportation fuel is on constant increase due to a rising number 
of vehicles as well as improvement in lifestyles. Therefore in the past few years the main 
thrust of technologists and policy makers in present decade has shifted to development of 
transportation fuels. Efforts are now on for development of biomass as a source of liquid 
fuels which can be used as substitutes for oil used in transport. Improvements in bio-energy 
technologies, rising environmental concerns like deterioration in local air quality, global 
climate change due to fossil fuel use, continued lack of access to energy in rural areas and 
rising imports of fossil fuels have generated sufficient momentum for the use of biomass as 
a renewable, sustainable and cleaner energy source. The multiple dividends associated with 
biomass like local employment, land restoration, soil conservation and afforestation, have 
further added interest for its development. 

India is very rich in three distinct sources of biomass energy namely energy plantations, 
agricultural crop residue and municipal and industrial wastes. Being an agricultural country, 
a large population of cattle and livestock exists in India. Due to this, Indian villages have 
always been rich in bio-resources which can easily be converted to energy. The major energy 
crops in India which have been identified to have a potential of commercialisation are 
sugarcane, corn, sugar beets, certain oil grains etc. Besides this, a large amount of agriculture 
residues are produced in India. These constitute a potential biomass feedstock for energy 
conversion. Here the definition of agricultural residues includes all the by-products from 
harvesting and processing of agricultural crops. These residues can be further categorised 
into primary residues, which are generated in the field at the time of harvest (rice straw, sugar 
cane tops) and secondary residues, co-produced during processing (rice husk and bagasse). 
Availability of primary residues for energy application is usually low since collection is 
difficult and they have other uses as fertiliser, animal feed, etc. However secondary residues 
are usually available in relatively large quantities at the processing site and may be used as 
captive energy source for the same processing plant involving no or little transportation 
and handling cost. Apart from the residues from the agricultural farms and fields in urban 
areas certain other residues and wastes also constitute a potential source of the energy. The 
agro processing industries, urban vegetable market places, road sweepings and road side 
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TABLE 1: Conversion of different waste biomass to energy in India and reported benefits 


NAME OF THE FEEDSTOCK/ WASTE CONVERSION ROUTE APPLICATIONS REPORTED BENEFITS/SAVINGS 
INDUSTRY/AGENCY 


Sakthi Sugars, Maharashtra 


ae Mills, Uttar 
Prades 


Pravar nagar, Sugar factory, 
Maharashtra 


Demo plants by an NGO 
— Appropriate Technolo 
ste ART j 


ASTRA. IISc 


Al-Kabeer Exports Pvt. Ltd., 
Medak (Andhra Pradesh) 


Western Hatcheries Ltd. 


MSW to energy & resources 
in Singupa town in Bellary 
District hy Technology 
Informatics Design 
Endeavour (TIDE) & IISc 


Coffee Board and Ministry of 
Commerce 


Transport House, KSRIC, 
Bangalore 


TERI’s Gurgaon campus at 
Gual Pahari 


| aor Sh oc 


Sugarcane bagasse 


Sugar factory press mud (75% 
organic matter: 29% solid content ; 
654 is volatile) 


Sugarcane leaves left after 


_ harvesting 


Leafy biomass 


‘Slaughter house waste (liquid and 
solidi 


Poultry waste 


Organic fraction of municipal waste 


Coffee pulping waste 


_ Canteen waste (rice straw, bagasse, 


paper shreds, garden cuttings, lawn 
eels, uneaten 


rice, plate and dish washings, fruit 


and vegetable rejects) 


Fibrous and semi-solid organic 
wastes 


Biomethanation 


Do 


Biogas (having 60% methane) 


Oven and 
conversion to 
briquetting 
Biogas 


kiln 
ar & 


Two stage digestion process 
for Biogas production 


UASB reactor for biogas 
production 


Plug flow biogas reactor 


Bioreactor for biogas 
conversion 


Biomethanation 


Acidification and methanation 
tae (Biogas containing 


0-75% methane, rest CO., and 


traces of H:S and moisture) 


Heating 


Power Plant 
(Capacity 1MW) 
Domestic fuel for 
cooking 


Fuel for various 


applications 


Fuel 


Fuel 

Power th 
(capacity 1. 
Mi 

Not known 


Power generation 


Fuel for food 
warming 


Various uses 


Reported IRR = 32: | 
Biogas substituted for almost 87% of Fuel oil 
consumption 


12000m? biogas produced from 400KL of spent 
wash per day. 


Four biogas pant: each having 85 m° capacity 
are setup with MNRE financial assistance. 
Meeting cooking needs of 196 households for 4 
hrs. per day 


Plant nies 100 kg char per day. Earning of Rs. 
75000 in 25 weeks of harvesting season 


It is claimed that 2/3 of the families of estimated 
100 million rural household could be provided 
electricity if we use only 10% of around 1130 
man ton leafy biomass waste available in 
ndia 


3000-4000 m? gas is produced, which saves 
Furnace oil consumption worth Rs. 4 million 
per annum 


60 m? biogas is produced /day from 200 TPD 
poultry waste processing plant at Namakhal. 


Data collected shows that 1 ee ade ies Ap 
refine biogas. C/N ratio of compost is found 


About 80 m° of biogas is produced from each 
ton of coffee parchment. The technology has 
been successfully demonstrated at 13 locations. 


The KSRTC plant can handle 25 kg of canteen 
rejects per day along with leaf litter. which 
produces 1.5 m° of biogas 


TERI claims it to be a useful way to turn wastes 
from food and fruit processing industries, hotels, 
pilgrim houses, hostels, housing colonies, 
community kitchens, vegetable markets etc. into 
energy 


plantations are some areas which generate significant biomass waste. Unfortunately the 

management of these areas is generally in the hands of poor farmers and the unorganised 

sector, rural households and the low income tiny agro based industry sector. According 

to a recent report almost 200 million tonnes of household and agro processing wastes are 

generated annually in India and disposed in a dispersed manner. Since they are associated 

with little or no production costs they are either unused or utilised inefficiently. On the 

other hand, a colossal amount of leafy wastes are burnt resulting not only in air pollution, 

but also wastage of useful energy. 
Waste effluents from many industries, especially food industries such as black liquor from | | y 

pulp and paper industry, wastewater from slaughterhouse, milk processing units, breweries, l 

vegetable packaging industry and animal manure can be converted into energy. Though 

energy production potential may depend upon the nature of efluent as well as reactor 

efficiency of the used reactor, but these wastes can effectively be used as feedstock for the 

biofuel production. The estimated biogas production potential is in the range of 0.15- 

0.45 m? CH4/ kg of COD removed, calculated on a basis of an average value of 0.3 m? 
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CH;/kg. The hotel, restaurants and community kitchens produce waste such as vegetable 
peels, uneaten food e.g. rice, bread, vegetables, meat, etc., plate and dish washings, fruit 
and vegetable rejects. Similarly, huge amount of wastes are generated from confectionary 
industry. Solid wastes from these industries include peelings and scraps from fruit and 
vegetables, food that does not meet quality control standards, pulp and fibre from sugar 
and starch extraction, filter sludge and coffee grounds. All these wastes make a potential 
feedstock for biogas generation by anaerobic digestion. These wastes are usually disposed 
off in landfill dumps. Liquid wastes are generated by washing meat, fruit and vegetables, 
blanching fruit and vegetables, pre-cooking meats, poultry and fish, cleaning and processing 
operations and wine making. These wastewaters contain sugars, starches and other dissolved 
and solid organic matter. The potential exists for these industrial wastes to be anaerobically 
digested to produce biogas, or fermented to produce ethanol. Several commercial examples 
of waste-to-energy conversion already exists using these feedstocks. 

Animal manure is principally composed of organic material, moisture and ash. Under 
aerobic conditions, CO2 and stabilised organic materials (SOM) are produced. Under 
anaerobic conditions, CH4, CO2, and SOM are produced. Since the quantity of animal 
manure produced annually can be substantial for a country like India, the potential for 
CH; production and hence energy potential of animal manure is significant. 

Another potential source of biomass in India is municipal solid waste (MSW). ‘The 
biomass resource in MSW comprises the paper and plastic and averages 80 per cent of 
the total MSW collected. This can be converted into energy by direct combustion, or by 
natural anaerobic digestion in the engineered landfill. The organic fraction of MSW can 
be anaerobically stabilised in a high-rate digester to obtain biogas for electricity or steam 
generation. Energy can be extracted from sewage using anaerobic digestion to produce 
biogas. The sewage sludge that remains can be incinerated or can undergo pyrolysis to 
produce more biogas. Data regarding some of the existing agencies and/or industries 
practicing the conversion of different waste biomass to energy in India and reported 
benefits from these are listed in Table 1. Many of these technologies have profitably been 
implemented and are being used by industries by in-house energy saving and thus adding 
up to their profits. These technologies are being adapted by similar industries with the help 
of various government agencies i.e. MNRE, academic institutions like Indian Institute of 
Science (IISc) and Indian Institutes of Technology (IITs), as well as certain non-government 
organisations. 

It seems clear from the scenario prevailing during the last three decades that biomass 
conversion to energy has gained gradual momentum with increasing energy demand 
patterns. In the present day scenario, top priority has been given to search the potential 
biomass as well as effective routes to convert them in transport fuels. Nevertheless, 
technologists are also exploring the possibilities of developing integrated bio-refineries 
which can utilise the available biomass to convert it to green chemicals as well as liquid 
fuels. A number of power generation projects based on gasification based cogeneration 
rural electrification plants is successful in India. Recently a concept of village level bio- 
refinery is being conceived in which farmers may be trained to setup the plants for biofuel 
production in their villages and produced biofuels can be utilised to run their pumping 
sets and other agriculture equipment. It would eliminate the transport cost of biomass as 
well as produced bio-fuels. With steady upward demand for the petroleum-based fuels, and 
constant increase in demand of electrical power generation, cogeneration based gas power 
plants and integrated bio-refineries can contribute most to trim down the energy problem 


of India. © 


The author is Senior Technical Officer & Head, Biofuel Modelling Area, Indian Institute of Petroleum, 
Dehradun. Email- jsingh@iip.res.in 


Akshay Urfa 


A NEED FOR ALTERNATE 





TRANSPORTATION FUEL IS 


ON CONSTANT INCREASE 
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SHIFTED TO DEVELOPMENT 
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BIOGAS IN INDIA 


As the fossil fuel resources are limited and their demand is high, the gap can be met with 
energy generation from renewable resources. India’s renewable energy resource potential is 
significant, with wind energy, biomass, and small hydropower representing the technologies 
having the largest potential. ; 


P. VENKATESWARA RAO AND SAROJ SUNDAR BARAL 


ndia had an installed base of about 125 GW of electricity as of the year 2006, 
which included about 66 per cent thermal energy (85 per cent of which is coal 
based) followed by hydro (26 per cent), nuclear (3 per cent) and renewable energy 
(5 per cent) (Clean Energy, July 2008, ‘An exporters guide to India’, International 
Trade Administration). Of the current total installed renewable energy base, wind 
constitutes 69 per cent, small hydro 19 per cent, biomass 11.5 per cent, waste to energy 
0.42 per cent and solar 0.03 per cent (ibid.). Energy supply is not in pace with the energy 
demand which has resulted in a deficit of 11,436 MW - equivalent to 12.6 per cent of 
peak demand recorded in 2006. The over dependence on the fossil fuels poses risks 
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such as depletion of fossil fuel resources and global climatic changes caused by the net 


-increase in the, atmospheric CO; levels. As the fossil fuel resources are limited and their 


. . {S a n 
demand is high, the gap can be met with energy generation from renewable resources. 
The néed for affordable, clean and renewable energy to enhance sustainable development 
recently by the world energy council and the UN commission on 








sustainable development. India’s renewable energy resource potential is significant, with 
wind energy, big@iifass, and small hydropower representing the technologies having the 
largest potentials | 

ic 
BIOGAS GENERATION FROM BIOMASS 


biological reactions, during which the products from one group of microorganisms serve 
as the substrates for the next, resulting in transformation of organic matter mainly into a 
mixture of methane and carbon dioxide which is usually referred to as biogas. Anaerobic 
digestion takes place in four phases: hydrolysis/liquefaction, acidogenesis, acetogenesis and 
methanogenesis. The biogas obtained from digestion of biomass can be used successfully 
for different applications such as cooking, lighting fuel, mechanical shaft power, radiant 
heater and incubator, refrigeration etc. The conversion of biomass into energy also results 
in significant reduction in volumes and the digested sludge can be used as a fertiliser for 
the agricultural fields. The another major advantage is that it is not subject to world price 
fluctuations or the supply uncertainties is the case with imported and conventional fuels 
which will save foreign exchange resulting in good gross domestic product. 


HISTORY OF BIOGAS IN INDIA 


The pioneer of anaerobic digestion in India is S.V. Desai, for his first experiments on biogas 


production in 1939. This led to the development of the first Indian biogas plant in 1951, 


the Gramalaxi plant of the Khadi and Village Industries Commission (KVIC), better : 
known as the KVIC digester. KVIC was the first to introduce biogas plants amongst | ne 2 





famers in rural India. In 1962 their design became standardised and are still built. Two 
other models which became popular, are the Janata biogas plant introduced in 1978 and its 
successor, the Deenbandhu digester, developed by Action for Food Production (AFPRO) in 
1984 [Singh, K. J., et.al., (2004), ‘Comparative study of economics of different models of 
family size biogas plants for state of Punjab, India, Energy Conversion and Management]. 

National Biogas and Manure Management Programme (NBMMP) is being implemented 
in the country since 1981-82 for promotion of biogas plants based on cattle dung and other 
organic wastes. The NBMMP caters to setting up of family type biogas plants for meeting 


_ the cooking energy needs in rural areas of the country along with making enriched organic 


fertiliser availability to farmers. The existing institutional network for implementation of the 
programme includes state nodal departments/ state nodal agencies, and Khadi and Village 


~~ Industries Commission (KVIC). These agencies, in-turn, involve their state/district level 


network institutions, trained turn-key workers and rural entrepreneurs. The Panchayats are 
also involved for selection of the beneficiaries and monitoring of the programme. In order 
to provide training support and technical back-up, 13 Biogas Development and Training 
Centets (BDTCs) have been set up in the country in various universities, Indian Institute 
of Technology (IITs) and other technical institutes. 

The family type biogas plants under NBMMP forms the part of Twenty Point 
Programme - 2006 (TPP 2006) under item No. 59 and is monitored accordingly. 


ONE OF THE MOST 
NOTICEABLE BENEFITS OF 
BIOGAS IN RURAL AREAS 

IS THE PROVISION OF A 
CLEAN AND CONVENIENT 
COOKING FUEL. BY 
UTILISING BIOGAS FOR 
COOKING PURPOSES, 

OTHERFUELSARE 
DISPLACED, i 
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BIOGAS IN INDIA 





TABLE 1: National Biogas and Manure Management Programme (NBMMP) state-wise estimated potential and cumulative achievement for family type biogas plants 





TARGETS AND ACHIEVEMENTS DURING 2012-13 (PLANTS IN No) 


STATE/ UNION ESTIMATED POTENTIAL | CUMULATIVE PHYSICAL ACHIEVEMENTS AS ON 31-03-2013 
TERRITORIES (PLANTS IN No.) (PLANTS IN No.) TARGET ACHIEVEMENTS (UPTO 31.12.2012) 





Andhra Pradesh 1065000 489559 12000 8100 
Arunachal Pradesh 7500 3282 100 1h 
Assam 307000 94905 6000 3893 
Bihar 733000 129523 - - 
Chhattisgarh 400000 40661 4000 1254 
Dethi 12900 681 - - 
Goa 8000 3976 100 21 
Gujarat 594000 420686 5000 2398 
Haryana 300000 57281 1500 874 
Himachal Pradesh 125000 46587 300 206 
Jammu & Kashmir 128000 2739 200 193 
Jharkhand 100000 6596 500 150 
Karnataka 680000 445586 12000 6865 
Kerala 150000 133887 2500 1713 
Madhya Pradesh 1491000 324737 12000 5938 
Maharashtra 897000 824203 12000 7771 
Manipur 38000 2128 - - 
Meghalaya 24000 9326 500 170 
Mizoram 5000 4020 1000 230 
Nagaland 6700 6649 500 396 
Orissa 605000 253054 7000 1815 
Punjab 411000 143162 10000 5655 
Puducherry 4300 578 - - 
Rajasthan 915000 68121 500 73 
Sikkim 7300 8326 200 134 
Tamilnadu 615000 219540 1000 391 
Tripura 28000 2999 500 - 
Uttar Pradesh 1938000 431631 2500 1037 
Uttarakhand 83000 14704 1100 575 
West Bengal 695000 355496 12000 — 7135 
A&N Islands 2200 137 - = 
Chandigarh 1400 97 - - 
Dadra & Nagar Haveli 2000 169 - - 
KVIC* 20000 9114 
TOTAL 12339300 4545026 125000 66115 


With the increased support and initiation by Ministry of New and Renewable Energy 
(MNRE) to use the locally available organic wastes for anaerobic digestion, the 
cumulative total installation of 45.45 lakh family type biogas plants were installed till 
March, 2013, which is about 36.85 per cent of the estimated potential. Cumulative 
achievements and target and achievements during 2012-13 under the Programme \ 
are given in Table 1. It is observed that some of the backward states have taken 
better initiative to implement the biogas programme efficiently as compared to other 
developed states. The states Maharashtra and Kerala stood well ahead of others in 
implementing the biogas programme. 

Installation of 1,51,138 family type biogas plants during the year 2010-11 is likely to 
result in the estimated annual saving of about 3.84 lakh tonnes of fuel wood equivalent and 
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; x 35 cu. m_ biogas plant, installed at production of about 146 
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lakh kg of urea equivalent 
or 27.58 lakh tonnes of 
5 


AGa- i organic manure per year. 






Pe a ma i It is estimated that the 
AVE a # construction activity would 

: AP have generated about 

E- 42.3 lakh person days of 
employment for skilled 


and unskilled workers in 


UA 
ie 


rural areas during the year 
2010-11. In addition, 
the rural families would 
benefit in terms of reducing 
drudgery of | women 
involved in collecting fuel 
wood from long distances 
and minimising health 
hazards during cooking in 


smoky kitchens. 


BIOGAS FOR SUSTAINABLE DEVELOPMENT 


The benefits of biogas generation at domestic level are discussed at three different scales; the 
direct beneficiaries (the household members), the local benefits and the benefits at national 
and global scale. According to the UN energy security is a prerequisite to achieve the 
Millennium Development Goals (MDGs) and biogas is one of the means to obtain energy 
security and thus an important step for sustainable development and poverty alleviation. 
The use of organic matter for biogas generation leads to changes in the society by directly 
benefiting different sections in different forms. The direct benefits are on-site farm energy 
generation, women empowerment, indoor air improvement, sanitation improvement and 
pathogen removal, chemical fertiliser displacement and nutrient recovery apart from some 
financial benefits. 

One of the most noticeable benefits of biogas in rural areas is the provision of a clean and 
convenient cooking fuel. By utilising biogas for cooking purposes, other fuels are displaced, 
this could be either traditional biomasses (dung, wood, charcoal) or fossil fuels (Sagar, A.D., 
et.al:, (2007), Bioenergy and sustainable development’, Annual Review of Environment 
and Resources). In the case of traditional biomasses, biogas displaces woody fuels and has a 
time or revenue saving component. Biogas can also displace fossil fuels. In case fossil fuels 
are substituted by biogas, it saves primarily the valuable foreign exchange and in case of 
solid fossil fuels, it will result in the improvement of the indoor air quality. In addition, 
switching fossil fuel to biogas reduces greenhouse gas (GHG) emissions. Biogas can also be 
used for lighting which is a considerable improvement over the hazardous open fire lighting 
from kerosene lanterns or candles. The superior illumination of biogas lanterns could result 
in longer study hours for children, more activities in the evening which both have a positive 
return and improves the quality of life. A biogas system also acts as a tool which handles 
the sanitation and produces manure—this will lead in good public health and also result 
in destruction of pathogens which is not the case otherwise. Since manure is collected and 
most of the volatile solids are converted to biogas, foul odours are reduced. © 


The authors are Assistant Professors Department of Chemical Engineering, 
BITS Pilani, and KK Birla Goa Campus, Goa respectively. Email- pyenku@gmail.com 
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ACCORDING TO THE 
UN, ENERGY SECURITY 
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ACHIEVE THE MILLENNIUM 
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MAINSTREAMING OF 
RENEWABLES 


WHERE DO WE GO FROM HERE? 


In India renewable energy has come of age in the last three decades. We review the progress 
of renewables from the margins to the mainstream. We discuss the challenges in this 


phase and suggest possible policies and implementation Strategies that can enable a high 
renewable scenario in the next three decades. 


RANGAN BANERJEE 





hat is the share of renewable in India’s energy mix? How has this changed over 
the last 30 years? Interestingly in the 1970’s renewable energy accounted for 
more than 60 per cent of the primary energy. However most of the renewable 
energy use in traditional biomass (agricultural residue, dung cake etc.) had 
low efficiencies (about 10 per cent), mainly used for cooking. Large hydro 
power generation accounted for a significant portion of the electricity mix. During the 
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last three decades the share of commercial energy and fossil fuels has increased. The 
renewable share has decreased to about 30 per cent and fossil energy accounts for about 
70 per cent. Though the share of traditional renewable has declined during the last few 
decades, the share’ of modern renewables—wind, small hydro, bagasse cogeneration, 
solar photgvoltaics (PV) has been increasing. 

The initial hase of renewable in the country focused on capital subsidies, policy 
support and demonstration of renewable technologies. This was supported by a Ministry 
dedicated tò new and renewable energy (earlier designated as non- -conventional energy 

urces), During the last few years, modern renewables have made the transition from 
the margins to the mainstream. Policy support shifted from upfront capital subsidies 
to preferential tariffs and renewable energy certificates. Several renewable technologies 
— solar water heaters for hot water, large scale wind power, small hydro and bagasse 
based cogeneration saw the emergence of a number of market players and widespread 
diffusion. 

In 2012 the renewable installed capacity for grid connected power was 26,000 MW 
(about 12 per cent of the total installed capacity) and more than 6 per cent of the 
electricity generation. India developed technology for renewables in several areas — e.g. 
atmospheric gasification (biomass gasification) ranging from 1 kW to 500 kW power. 
Thermal applications of biomass gasifiers and biomethanation and anaerobic digestion 
also found several niche applications. The launch of the Jawaharlal Nehru National 
Solar Mission (JNNSM) in 2010 has resulted in an impetus to solar energy, especially 
large grid connected solar PV (installed capacity in solar PV increased from a few MW 
in 2009 to more than 1000 MW in January 2013). 

Grid connected renewables in India today accounts for more electricity supplied than 
nuclear energy (about 3 per cent of the total). Where do we go from here? What is the 
future for renewables in India? The problem of global warming and climate change has 
resulted in an emphasis on mitigation of greenhouse gas emissions. This has resulted in 
an increased emphasis on clean and renewable energy. Increased investment in renewable 
energy globally supported by enabling policies have resulted in significant growth in the 
renewable industry. As the experience and scale of renewable energy manufacture has 
grown, the learning curve has resulted in significant decreases in the capital cost and cost 
of supplied energy. 

Can we foresee a 100 per cent renewable energy supply in 2050? Technically, this is 
feasible. However this is an unlikely scenario given the current trends. A more realistic 
target would be to return to the 1970’s mix. Can modern renewables supply more than 
60 per cent of the primary energy mix of India in 2050? We would then have to effectively 
make the transition from traditional renewables to fossil to modern renewables. ‘This is a 
feasible scenario that needs significant changes in our energy planning and policy. 

The main barrier to widespread deployment of modern renewables is the initial capital 
cost. Access to low interest finance and capital subsidies can make renewable more 
attractive. In many cases (e.g. wind and solar) there is an absence of resource data for 
local conditions. Uncertainty in resource variability may need oversizing and increased 
cost. In states where there has been an increased penetration of wind e.g. Tamil Nadu 
the seasonal nature of the wind has often resulted in problems of gird scheduling and 
shortages. There is a need to integrate renewables in the power planning process. It 
is important to develop GIS based tools to assist in local siting decisions and have 
improved forecasting techniques to help operation and dispatch decisions. For isolated 


dnd decentralised systems, there is a need to match supply and demand. In order to - 
reduce the costs of supply, it is necessary to increase the load factor — this can involve _ 
the incorporation of village level small scale industrial loads like cold storage, flour mills = 
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v Three New England states plan joint solicitations for a future based on renewables 
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or telecom towers. The integration of demand side management and efficiency can help 
reduce the cost of supply. It is also important to assess the actual cost of energy generation 
from renewable projects. The performance, cost and learning experience from successes 
and failures need to be adequately documented and placed in the public domain. For 
instance India had attempted the largest ocean thermal energy conversion (OTEC) 
project in the world for an output of 1 MW electric (off the coast of Tamil Nadu). There 
were several papers about the successful testing of the components, but subsequently no 
documentation of the problems that led to the project being abandoned. 

Many of the policies for renewables are based on large centralised energy models — e.g 
the JNNSM emphasis on large centralised grid connected MW plants has seen more 
than a 1000 MW of large PV plants emerging. However the policies for tariffs and 
net metering for roof top systems are not yet in place in most states. The development 
challenge is to provide convenient energy at affordable costs to all. There have been 
several innovative solutions using PV based lighting, PV home systems, bio-engines and 
hybrid renewable systems. However the replication of these systems have proved to be 
difficult. The diffusion of distributed renewable power systems needs a greater emphasis 
on urban applications, where there is a greater capability to pay. 

There are several technology gaps in India~i.e. storage technology, silicon production 
facilities, evacuated tubular technology, parabolic trough manufacture, micro-turbines 
etc. In many technology areas there is an absence of large scale manufacturing capability 
and standardisation. Ramping up output often implies significant imports of technology 
or manpower. The development of an innovation and start up culture can help in creation 


of capability and Indian leadership in this area. The MNRE has initiated INFUSE, 
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a business accelerator for 
| clean energy ideas housed at 
a NE Gutters for rain water Harvesting IIM, f TE ee E) Thare are 
still too few ideas and too 
little venture funding. The 
valley of death (gap between 
a prototype or an idea and a 
commercialisable product) 
needs an enabling ecosystem, 
business incubators, risk 
guarantees and pre-incubation 
grants. In many areas we do 
not have a critical mass of 
Bedroom researchers and academics. 
Spiritual Room The industry too (barring a 
few exceptions) does not seem 
to have a R&D focus. Many 
renewable industries are small 
a FIG. 1: Axonometric view of the module supported by MNRE and led by maak anabl go darsst imi oig 
IIT Bombay term technology development 
or research or to scale up | 
their operations. The emphasis for many of them have been on subsidies and policy 
support. While policy support needs to continue the mind set for widespread diffusion, 
' mass production needs innovation in manufacturing and cost reduction. Many Indian 
renewable industries are finding it difficult to compete with low cost (high volume) 
Chinese products. 

This needs consortia based approaches — pooling of resources, creation of test facilities, 
demonstration plants and simulators. An example that we have been involved in is the 
National Solar Thermal Power Plant Demonstration Testing and Simulation Facility 
(Fig 1). The Facility is intended to enable the development of future cost effective solar 
thermal power plants. It is funded by MNRE and developed by a consortium led by 
IIT Bombay (Solar Energy Centre, TCE, Tata Power, L&T, Clique, KIE Solatherm, 
KGDS). Energy security concerns would imply a greater emphasis on renewables. 
However for energy security it is important that there are strategic international 
collaborations that provide access to critical renewable technologies. Long term energy 
security needs the enhancement of technology development and research capability 
in cutting edge areas (biotechnology, biomimetics, nanotechnology) impacting future 
renewable systems. 

We have to evolve fair systems to assess new renewable technologies and their 
impacts. Are they likely to be sustainable? What will be their impacts on land, 
water, materials, employment etc.? Life cycle analysis, net energy analysis and 
systems simulation can help analyse large scale costs and benefits of new renewable 
technologies. Grand challenges and competitions like the solar car challenge and the 

f solar decathlon can encourage the innovators to emerge with the new ideas that can 
help build renewable systems of the future. India has a large unserved energy demand 
and a significant growth potential. The next three decades can see the emergence of 
a vibrant renewable industry driven by a domestic market and innovative technology 
development, enabled by a conducive policy environment. © 


Solar PV panels 







@ Evacuated Glass Tube 


Seating Space 


Excessive Rainwater 


Kitchen 
Verandah 


The author is Forbes Marshall Chair Professor, Dept. of Energy Science and Engineering, 
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FUEL CELLS 


Fuel cell is an energy conversion device that converts the chemical energy of hydrogen 
directly into electricity through an electrochemical reaction in which hydrogen and oxygen 
combine. Fuel cell systems have very few moving parts and therefore operate with very little 
or no noise. Hence, they are ideally suited for transport applications. 


M. R. NOUNI 





illiam Grove, a chemist, physicist and lawyer, is generally credited with RAs in tunica 
inventing the fuel cell in 1839 and he called it ‘gas battery’. Fuel cell is an technologies 

energy conversion device that converts the chemical energy of hydrogen 

directly into electricity through an electrochemical reaction in which 





hydrogen and oxygen combine. Water and useful heat are the by-products. 
Fuel cells are not governed by Carnot efficiency and can have twice the efficiency of a 
typical combustion based electricity generating system. Besides, they do not produce any 
emissions, if powered by hydrogen. 
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| While traditional combustion based electricity generating systems produce electricity 
at efficiencies in the range of 30-35 per cent, fuel cell systems are capable of producing A FUEL CELL UNIT IS 


electricity with efficiencies up to 60 per cent. The energy conversion efficiency could be even 


j ~ higher, if the fuel cell system is operated in combined heat and power (CHP) mode. Fuel MADE OF A STACK, 
cell systems have very few moving parts and therefore operate with very little or no noise. | WHICH COMPRISES OF A 
Considering these characteristics, fuel cells are ideally suited for transport applications. NUMBER OF INDIVIDUAL 


A fuel cell ñit is made of a stack, which comprises of a number of individual cells. A 
single fuel cell ¢onsists of an electrolyte sandwiched between two electrodes, an anode and CELLS. THE REACTIONS 
a cathode. The reactions that produce electricity occur at the electrodes and the electrolyte THAT PRODUCE 
performs the function of carrying ions from one electrode to other. Catalysts at the ELECTRICITY OCCUR 
electrodes accelerate the reactions. The electrolyte plays a very important role of permitting AT THE ELECTRODES 
only the appropriate ions to pass from one electrode to other. A simple schematic of a fuel 
cell (polymer electrolyte membrane) is shown in Figure 1. In this type of fuel cell, hydrogen AND THE ELECTROLYTE 
is made to flow to the anode, where hydrogen molecules get disintegrated into hydrogen PERFORMS THE FUNCTION 
— and electron with i ne of Platinum catalyst. Solid polymer electrolyte allows OF CARRYING IONS FROM 
only the protons to pass through it and reach the 


cathode, where it combines with electrons, which y fFl6.1: Schematic of polymer electrolyte ONE ELECTRODE TO 
flow through the external circuit, to form water. membrane (PEM) fuel cell OTHER. 
Flow of electrons produces electricity, which can be PEM FUEL CELL Beane 
used for powering any application. Electrical current 
In general, all fuel cells have the same basic Q 
. . Excess Water and 
configuration i.e. two electrodes and an electrolyte. fuel Hato 


Fuel cells are usually classified according to the 


<- 
: nature of electrolyte except direct methanol 
fuel cells, which are called so for their ability 
to use methanol directly instead of hydrogen. 

H2 

e 





The electrolyte determines the kind of chemical 

reactions that take place in the fuel cell, the 

temperature range of operation and other factors 

that determine its most suitable applications. Table 

1 provides information about different features of 

commonly used fuel cells. Pe 
Fuel cell is extremely versatile technology, with 

systems ranging from single watt to megawatts. 





Anode Electrolyte 


TABLE 1: Types of fuel cells 
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TABLE 2: Applications of fuel cells 


APPLICATION TYPE PORTABLE STATIONARY TRANSPORT `, 


Units that are built into, or charged pyn; 08 
Definition up, products that are designed Units that provide electricity 
to be moved, including auxiliary 


| Units that provide propulsive power or 
(and sometimes heat) butare range extension to a 


power units (APU) not designed to be moved vehicle 
Typical power range 5Wto20kW 0.5 kW to 400 kW 1 kW to 100 kW 
Typical technology PEMFC & DMFC MCFC, PAFC, PEMFC & SOFC PEMFC & DMFC 


Non-motive APU, military 
application, portable products, Large stationary CHP small Forklifts, cars & scooters, trucks and 


Examples al + day; stationary micro-CHP, 
acd aey pen i devices, uninterrupted power supply buses 
x FIG. 2: Fuel cell bus developed by Tata Motors. x FIG. 3: Fuel cell—battery REVA car. x FIG. 4: Fuel cell-battery van developed by SPIC 


Science Foundation. 





Fuel cells can be used for providing power to a variety of products for stationary, portable 
and transport applications (as explained in Table 2) and by-product heat can be used for 
heating and cooling. 

Efforts of the industry, academic institutions and laboratories have resulted in 
deployment of fuel cell based systems for different applications in different parts of the 
world, especially in the Northern America, Europe, Japan, South Korea, China, Australia, 
Brazil, etc. The focus is primarily on development of fuel cell based vehicles for personal 
use as well as buses, though efforts have also been made for use of fuel cells in aeroplanes 
and ships. In fact, to begin with fuel cells found use in the space missions during the 1960s 
and 1970s. In India, Tata Motors Ltd (TML) has developed fuel cell buses. These buses are 
expected to be demonstrated in different parts of the country in the near future. Earlier, 
efforts were made by some research organisations like SPIC Science Foundation (SSF) and 
Centre for Fuel Cell Technology (CFCT) for extending the range of some of the electric 
vehicles developed in the country. Organisations like Bharat Heavy Electricals Ltd., SSF 
and CFCT developed and demonstrated kW size fuel cell systems for stationary power 
generation based on Phosphoric acid fuel cell (PAFC) and polymer electrolyte membrane 
fuel cell (PEMFC) technologies. More recently, some fuel cell systems have been 
installed in the country for providing back up power to telecom towers and thereby 
reduce dependence on diesel. Figures 2, 3 and 4 show some of the fuel cell based vehicles 
developed and demonstrated in the country. 

Reducing cost and improving durability are the two most significant challenges to fuel 
cell commercialization. Fuel cell systems must be cost-competitive and perform on par 
or better than the traditional power technologies during their lifecycle. Globally, R&D 
efforts are underway in identifying and developing new materials that will not only reduce 
the cost but also improve the useful life span of different components of fuel cell stack. @ 


The author is Director, Hydrogen Energy, Fuel Cells Department, Ministry of New and Renewable Energy. 
Govt. of India. Email mrnouni@nic.in 
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- SEAWEEDS TO LIQUID FUELS 


Seaweeds are macroalgae grown only in the sea and are a good source of phycocolloids. 
They are broadly classified into three different types based on the pigment colour and 
phycocolloids present. Phycocolloids are polysaccharides which are considered as a good 
source for liquid fuel generation through fermentation process. 


SUDHAKAR M. P, BEENA B NAIR, JEGATHEESAN A, AND ARUNKUMAR K. 





eaweeds are macroalgae found attached to the rocky surfaces near the seas especially ^A Agar and carrageenan are the 
à ‘ ‘ f phycocolloids obtained from red 
in the intertidal zones. They occur in three types, red, brown and green, basedon $ %0 C o g a ng 

© seaweeds and alginate from 


the pigments they contain. Some seaweed grows even up to a few meters long. brown seaweeds 
They are mostly exploited by agar and alginate industries. Drift weeds are usually 





collected by local fishermen thereby earning an additional income by selling these 
to local agar industries. Phycocolloids such as agar, carrageenan and alginates are the three 
main polysaccharides obtained from seaweeds whereas some other phycocolloids available 

/ in lesser quantities are used in medical applications (Table 1). In India, Gulf of Mannar 
region is found to be rich in seaweed diversity. 


PHYCOCOLLOIDS: Agar and carrageenan are the phycocolloids obtained from red seaweeds 
and alginate from brown seaweeds. These phycocolloids are polysaccharides having good 
calorific value and have been used as prebiotics during war. However, proper exploitation 
of these valuable resources as biofuels is lacking. Seaweeds possessing high sugar content 
can be utilized in the production of liquid fuels such as ethanol and butanol. 
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TABLE 1: Selected polysaccharide constituents of green, red and brown seaweeds 


Chlorophyceae (Green) m. amylopectin 
Cellulose 
Complex hemicellulose 
Glucomannans 
annans 
Inulin 
Laminaran 
Pectin 
Sulfated mucilages (glucuronoxylorhamnans) 
Xylans 





Rhodophyceae (Red) Agars, agaroids 
Carrageenans 
Cellulose 
Complex mucilages 
Furcellaran 
Glycogen (floridean starch) 
Mannans 
Xylans, rhodymenan 


Phaeophyceae (Brown) 25 ig 
Cellulose 
Complex sulfated heteroglucans 
Fucose containing glycans 
Fucoidans 
Glucuronoxylofucans 
Laminarans 
Lichenan-like glucan 





Adopted from Khan et. al (2009) 


Since phycocolloids cannot be utilized by microorganisms as such, conversion into 
monosugars and the further biological fermentation is really a big challenge. There are 
several bacteria and yeast available in nature which are capable of converting phycocolloids 
into monosugars and can ferment them for ethanol production. Pretreatment and 
hydrolysis are required for phycocolloid extraction and conversion. Mild acid, strong base 
and even boiling method can be used for this. Total sugar and reducing sugar content 
should be checked after extraction and hydrolysis. Although some enzymes such as 
cellulase available in market can be used for hydrolysis, they are not economically feasible. 
Here bacteria play a major role in producing enzymes to hydrolyze the polysaccharides 
to monosugars. A few bacteria can also ferment these monosugars, but a variety of yeast 
strains are available which can easily carry out the fermentation process. 


ENERGY CONTENT: Clean fuels such as ethanol, butanol and gasoline have energy content 
of 19.6 MJ/I, 29.2 MJ/l, and 32 MJ/I, respectively. Seaweeds which are 60 per cent dried 
may yield approximately 90 per cent of ethanol. Through fermentation 1 g of sugar yields 
0.4 g of ethanol and 1 kg of seaweed (dry weight) will give 0.22 kg or 0.27 | of ethanol. 
Approximately 0.05 | of ethanol per kg of fresh seaweed is reported earlier. 


CONCLUSION: With transportation and the automobile industries rapidly growing in India, 
there is a great demand for liquid fuels which can be used as such or after blending with 
other commonly used fuels. Identification of alternative biomass has led to utilization 
of seaweeds as a good source for ethanol and butanol production. Drift weed collection 
from coastal areas and cultivation of suitable seaweed species will help in obtaining more 
biomass for fuel production and increase the economy of local people. Therefore, proper 
exploitation of seaweed biomass can meet the demand of liquid fuel in the future. © 

The authors are Project Assistant and Scientist at Shri AM M Murugappa Chettiar Research Centre, Chennai; 


and Senior lecturers at Marine Algal Research Division, Department of Botany, Alagappa Govt. Arts College, 
Karaikudi, respectively. Email- drbeenanair@gmail.com 
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VARIOUS BACTERIA AND 
YEAST AVAILABLE IN 
NATURE ARE CAPABLE 
OF CONVERTING 
PHYCOCOLLOIDS IN 
TO MONOSUGARS AND 
FERMENT THEM FOR 
ETHANOL PRODUCTION. 
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a5 MW esolar concentrated solar power pilot plant near Las Vegas. Ivanpah 


CONCENTRATING 
‘ SOLAR POWER 


Concentrating solar power (CSP) plants use mirrors to concentrate the sun's rays and 
produce heat for electricity generation via conventional thermodynamic cycle. Unlike 
solar photovoltaics (PV), CSP uses only the direct component of sunlight and can provide 
carbon-free heat and power only in regions with high direct normal irradiance (DNI). 
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CONCENTRATING SOLAR POWER 








oncentrating solar power (CSP) plants use 

mirrors to concentrate sunlight onto a receiver, 

which collects and transfers the solar energy to 

a heat transfer fluid that can be used to supply 

heat for end-use applications or to generate 
electricity through conventional steam turbines. Large 
CSP plants can be equipped with a heat storage system 
to allow for heat supply or electricity generation at night 
or when the sky is cloudy. CSP plants require high 
direct solar irradiance to work and are therefore a very 
interesting option for installation in the sun belt region 
(between 40° north and south of the equator). This region 
includes the Middle East, North Africa, South Africa, 
India, the Southwest of the United States, Mexico, Peru, 
Chile, Western China, Australia, southern Europe and 
Turkey. The technical potential of CSP-based electricity 
generation in most of these regions is typically many 
times higher than their electricity demand, resulting in 
opportunities for electricity export through high-voltage 
lines. 


PROCESS AND TECHNOLOGY STATUS 


CSP plants use mirrors to concentrate the sun’s rays and 
produce heat for electricity generation via a conventional 
thermodynamic cycle. Unlike solar PV, CSP uses only the 
direct component of sunlight and can provide carbon-free 
heat and power only in regions with high DNI i.e. sun 
belt regions. Thermal storage can significantly improve the 
capacity factor and dispatchability of CSP plants, as well 
as their grid integration and economic competitiveness. 
To provide the required heat storage capacity, the solar 
field (i.e. mirrors and heat collectors) of the CSP plant 
must be oversized with respect to the 
nominal electric capacity (MW) of 
the plant. There is a trade-off between 
the incremental cost associated with 
thermal storage and increased electricity 
production. Significant research efforts 
focus on thermal storage for CSP plants. 
The first commercial CSP plants with 
no thermal storage (i.e. SEGS project, 
354 MW) were built in California 
between 1984-1991, in the context of tax 
incentives for renewable energy. After a 
period of stagnation due to the low price 
of fossil fuels, the interest in CSP resumed 
in the 2000s, mainly in the United States 
and Spain, as a consequence of energy 
policies and incentives to mitigate CO2 
emissions and diversify the energy supply. 
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THE FIRST 
COMMERCIAL CSP 
PLANTS WITH NO 

THERMAL STORAGE 
(i.e. SEGS PROJECT, 
354 MW) WERE 


BUILT IN CALIFORNIA 
BETWEEN 1984- 
1991, IN THE 
CONTEXT OF TAX 
INCENTIVES FOR 
RENEWABLE ENERGY. 

















While Spain and the United States are leading countries 
in CSP installations, CSP plants are in operation, under 
construction or planned in many sun belt countries. 
In 2012, the global installed CSP capacity amounted 
to about 2 GW with an additional 15-20 GW under 
construction or planned, mostly in the United States and 
Spain. In general these types of power plants are not yet 
economically competitive. CSP is still considerably more 
expensive than conventional coal and gas-based power 
and needs policy for market formation. In comparison 
with other renewable power sources (e.g. PV and wind 
power), the competitiveness of CSP plants should be 
assessed taking into account the significant potential 
for cost reduction and the role of the integrated thermal 
energy storage. 


CSP TECHNOLOGIES AND PERFORMANCE 

The CSP technology includes four variants; namely, 
parabolic trough (PT), Fresnel Reflector (FR), solar 
tower (ST) and solar dish (SD). In PT and FR plants, 
mirrors concentrate the suns rays on a focal line, with 
concentration factors on the order of 60-80 and maximum 
achievable temperatures of about 550°C. In ST and SD 
plants, mirrors concentrate the sunlight on a single focal 
point with higher concentration factors (600-1,000) and 
operating temperatures (800-1000°C). 

» Parabolic trough (PT): PT is the most mature CSP 
technology, accounting for more than 90 per cent of the 
currently installed CSP capacity. It is based on parabolic 
mirrors that concentrate the sun’s rays on heat receivers 
(i.e. steel tubes) placed on the focal line. Receivers have 
a special coating to maximise energy absorption and 
minimise infrared re-irradiation and work 
in an evacuated glass envelope to avoid 
convection heat losses. 

» Fresnel reflectors (FR): It uses a series of 
ground-based, flat or slightly curved mirrors 
placed at different angles to concentrate the 
sunlight onto a fixed receiver located several 
meters above the mirror field. Each line 
of mirrors is equipped with a single-axis 
tracking system to concentrate the sunlight 
onto the fixed receiver. The receiver consists 
of a long, selectively-coated tube where 
flowing water is converted into saturated 
steam (direct steam generation - DSG). The 
main advantages of FR compared to PT 
systems are the lower cost of ground-based 
mirrors and solar collectors (including 
structural supports and assembly). FR is 




















A Solar heating phosphating application at SKF. Mysore 


the most recent CSP technology with only a few plants in 
operation (e.g. 1.4 MW in Spain, 5 MW in Australia and 
a new 30 MW power plant, the Puerto Errado 2, in Spain, 
which started operation in September 2012). Further FR 
plants are currently under construction (e.g. Kogan Creek, 
Australia 44 MW, 2013). 

= Solar towers (ST): In the ST plants, a large number 
of computer-assisted mirrors (heliostats) track the sun 
individually over two axes and concentrate the solar 
irradiation onto a single receiver mounted on top of a 
central tower where the solar heat drives a thermodynamic 
cycle and generates electricity. In principle, ST plants can 
achieve higher temperatures than PT and FR systems 
because they have higher concentration factors. The ST 
plants can use water-steam (DSG), synthetic oil or molten 
salt as the primary heat transfer fluid. 
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= Solar dishes (SD): The SD system consists of a parabolic 
dish-shaped concentrator (like a satellite dish) that reflects 
sunlight into a receiver placed at the focal point of the 
dish. The receiver may be a Stirling engine (i.e. kinematic 
and free-piston variants) or a micro-turbine. SD systems 
require two-axis sun tracking systems and offer very 
high concentration factors and Operating temperatures. 
However, they have yet to be deployed on any significant 
commercial scale. Research currently focuses on combined 
Stirling engines and generators to produce electricity. The 
main advantages of SD systems include high efficiency (i.e. 
up to 30 per cent) and modularity (i.e. 5-50 kW), which is 
suitable for distributed generation. 

= CSP water requirements: CSP plants using steam cycles 
(i.e. PT, FR and ST) require cooling (i.e. 2-3 m? of water 
per MW) to condense exhaust steam from the turbines; the 
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lower the efficiency, the higher the cooling needs. 

« CSP for water desalination: CSP plants are designed 
for electricity generation, but they also produce high- 
temperature heat that can be used for industrial heating, 
water desalination, production of synthetic fuels (e.g. 
syngas), enhanced oil recovery and refineries. 

« Hybrid CSP plants: CSP plants can be integrated in 
coal- or gas-fired power plants to produce fully dispatchable 
electricity. In this case, the solar field provides steam to the 
thermodynamic cycle of the conventional power plant. 
Projects based on this concept are in operation in Algeria, 
Australia, Egypt, Italy and the United States. 

a Enhanced oil recovery (EOR): CSP plants can also be 
used to produce steam to inject into mature and heavy oil 
fields for thermal enhanced oil recovery. 


CURRENT COSTS AND COST PROJECTIONS 


Because the global installed capacity is limited and the 
technology is still under deployment, the cost of CSP 
plants and CSP electricity varies significantly depending 
on local labour and land cost, the size of the plant, the 
thermal storage system (if any) and last but not least, the 
level of maturity (i.e. demo, pilot, commercial etc.) of 
the project. 

a Investment costs: The current investment costs for PT 
plants with no thermal storage and capacity factor of 
20-25 per cent are estimated to range from USD 4,600- 
7,100/kW. The International Energy Agency estimates 
the current investment cost for large PT plants between 
4,200-8,400 USD/kW, depending on the plants size 
and thermal storage capacity. The breakdown of the 
investment costs depends on several factors, including 
the specific CSP technology under consideration and the 
presence of thermal storage. 

s Operation and maintenance costs: The O&M costs 
of CSP plants are low compared to those of fossil fuel- 
fired power plants. A typical 50 MW PT 
plant requires about 30-40 employees for 
operation, maintenance and solar field. 
The reflectivity of thin mirrors increases by 
| per cent per mm of thickness reduction; 





low iron concentration in mirror material 
reduces diffusion. Special coatings can 
reduce cleaning and washing needs by 
50 per cent; robotics can reduce cleaning 
costs. If compared with other electricity 
storage technologies (e.g. pumped hydro 
and batteries), the energy storage systems 
of CSP plants offer the lowest energy losses. 
= Levelised cost of electricity (LCOE): 
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ACCORDING TO 
EMERGING ENERGY 
RESEARCH (2010), 
THE TOTAL INSTALLED 
CSP CAPACITY IN 


EUROPE COULD 
GROW TO 30 GW BY 
2020 AND TO 60 GW 

BY 2030. 


Key elements for the levelised cost of electricity (LCOE) 
of CSP plants are investment and financing costs, 
capacity factors, lifetimes, local DNIs, discount rates 
and O&M costs. 

In many countries, research and industry are committed 
to improve CSP performance and reduce its costs. 
Important drivers for cost reduction include: technology 
advances of components and systems; advanced thermal 
storage; increased plant size and economies of scale and 
industrial learning in component production. 


POTENTIAL AND BARRIERS 


According to Emerging Energy Research (2010), the total 
installed CSP capacity in Europe could grow to 30 GW by 
2020 and to 60 GW by 2030. This would then represent 
2.4 and 4.3 per cent of EU-27 power capacity in 2020 and 
2030, respectively. The IEA’s CSP technology road map 
estimates that, under favourable conditions, the global 
CSP capacity could grow to 147 GW in 2020, with 50 
GW in North America and 23 GW each in Africa and the 
Middle East. By 2030, the global CSP capacity could rise 
to 337 GW. The IEA CSP technology road map suggests 
that CSP could represent up to 11 per cent of the global 
electricity production by 2050. 

s From 2010 to 2020 CSP deployment is expected to 
be sustained by policy incentives and emissions trading. 
The global CSP capacity would reach 148 GW by 2020, 
producing 1.3 per cent of the global electricity with an 
average capacity factor of 32 per cent. 

s From 2020 to 2030 CSP could become competitive with 
conventional base-load power due to cost reductions and 
the increasing prices of CO? and fossil fuels. Incentives to 
CSP will gradually disappear, and HVDC lines will reach 
a global extension of some 3,000 km. The global installed 
capacity would reach 337 GW, producing 3.8 percent of the 
2030 electricity demand, with an average capacity factor of 
39 per cent. 

a Beyond 2030 CSP cumulative capacity 
could reach the level of about 1,090 GW 
by 2050, providing about 9.5 per cent 
of the global electricity with an average 
capacity factor of 50 per cent. The United 
States, North Africa, India and the Middle 
East would be the largest producers and 
exporters, while Europe would be the 
largest importer from the MENA Region 
via HVDC transmission lines. © 


Inputs from IEA-ETSAP and IRENA Technology 
Brief E21 — 2013 
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MICROINVERTER 
BASED PV SYSTEM 








Microinverter is an electronic unit rated to handling the output of a single panel and is 
operated at lower power point. Microinverters are reasonably priced and are typically 


rated between 220 and 240 W. 
CHETAN VYAS 






AA view of a DC optimizer 


icroinverters is an electronic unit rated to 


handleing the output of a single panel. Modern 
grid-tie panels are normally rated between 240 and 





260 W, but they rarely produce this in practice, so 
micro-inverters are typically rated between 220 and 240 
W. Because it is operated at this lower power point, many 
design issues inherent to larger designs simply go away; the 
need for a large transformer is generally eliminated, large 
electrolytic capacitors can be replaced by more reliable thin 
film capacitors, and cooling loads are reduced so no fans 
are needed. 

More importantly, a microinverter attached to a single 
panel allows it to isolate and tune the output of that 


ONJ 


panel. Hence, with microinverters any panel that is under 
performing has no effect on panels around it. In that case, 
the array as a whole produces as much as 5 per cent more 
power than it would produce with a string inverter. When 
shadowing is factored in, if present, these gains can become 
considerable, with manufacturers generally claiming 5 per 
cent better output at a minimum, and up to 25 per cent 
better in some cases. Furthermore, as a single model can be 
used with a wide variety of panels, new panels can be added 
to an array at any time and do not have to have the same 
rating as existing panels. 

Microinverters produce grid matching power directly at 
the back of the panel. Arrays of panels are connected in 
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parallel to each other and then to the grid. This has the major 
advantage that a single failing panel or inverter cannot take 
the entire string offline. Combined with the lower power 
and heat loads and improved MTBF, some suggest that 
overall array reliability of a microinverter-based system is 
significantly greater than a string inverter-based one. This 
assertion is supported by longer warranties, typically 15 
to 25 years, compared to 5 or 10 year warranties that are 
more typical for string inverters. Additionally, when faults 
occur, they are identifiable to a single point, as opposed to 
an entire string. Ihis not only makes fault isolation easier, 
but unmasks minor problems that might not otherwise 
become visible—a single under performing panel may not 
affect a long string’s output enough to be noticed. 


PRIMARY FUNCTIONS OF A MICROINVERTER 


= To extract maximum power from its companion solar 
panel using advanced MPPT algorithms. 

= To convert the panel output voltage to AC. This AC 
power is online and can be either grid tied or directly 
connected to load. 

For various reasons, all of the present manufacturers 
of microinverters are not Indian companies. We want 
to bridge this gap by designing and integrating the 
microinverter based systems in India. 

Asaresult ACVA Solar Pvt. Ltd., a Baroda based company 
from Gujarat has tied up with DARFON, a Taiwan based 
company for their microinverters, string 
inverters and smart trimmer products. 
As a direct outcome the first system of 
26.52 kW using micro invertors has 
been installed over an industrial unit 
and is functional since the last week of 
March. In this system 102 panels of 
260 W each are mounted with a 240 W 
Darfon Inverters. This eliminates the DC 
cabling in addition to all the benefits of 
the microinverters. It is observed that 
currently this system is generating over 27 
per cent extra power over the daily average 
calculated by modelling the same system 
for the location with string inverters. Its 
performance over the time frame is being 
monitored. 

Started by technocrats with aim of 
aiding the world environment, ACVA 
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A MICROINVERTER 
ATTACHED TO A 
SINGLE PANEL 
ALLOWS IT TO 
ISOLATE AND TUNE 

THE OUTPUT OF THAT 

PANEL. HENCE, WITH 
MICROINVERTERS 

ANY PANEL THAT IS 

UNDER PERFORMING 

HAS NO EFFECT ON 

PANELS AROUND IT. 


Solar Pvt. Ltd. is into design, integration, set up and 
maintenance of PV power systems. ACVA believes 
in being in the forefront of the learning curve and 
accordingly has lots of firsts to its name including the 
first thin film off-grid system and the first micro inverter 
based system in the country. We are established name 
and channel partner with over three dozen credible 
installation of high end and qualitatively superior 
solar power systems. Being also a pioneer in bringing 
the subsidy of MNRE for off-grid into the state of 
Gujarat, ACVA Solar has tied up with international and 
national names like Schott Solar and Darfon. ACVA 
Solar Pvt. Ltd, also having successfully commissioned 
a IMW plant in Gujarat Phase-II, is totally geared 
to aid the initiation to implementation of MW Grid 
Tied plants. 

ACVA Solar Pvt. Ltd [www.acvasolar.com] has 
also pioneered the standardization of systems and 
accordingly has power harmonised solar back up systems 
with standard configuration of 1 kW/2kW/3.2kW and 
5kW. It also builds bench marked systems designed for 
industrial, office and residential use and industrial solar 
power packs (grid tied) —5 kW/10 kW/upto 100 kW 
systems for industry to save power and address CSR. 
ACVA has water pumping solutions for rural and 
urban use from 1 HP to 30 HP as well as solar lighting 
solution which is conventional/existing lighting 
powered through solar generators. 
Darfon has acquired more than 1,300 
patents worldwide and 8 international 
design awards in the past 15 years. 
The key features of the Darfon 240 W 
microinverter is its peak efficiency of 
up to 95 per cent and power factor > 
0.95 with both maximum power point 
tracking and grid voltage and frequency 
tracking. It has inbuilt protection against 
various current and voltage faults and 
has a system islanding to detect 
grid failure. 

Both ACVA Solar Pvt. Ltd. and Darfon 
Electronic Corp are committed to bringing 
this solar experience to the technically 
evolved solar sector in India. © 





The author is Director, ACVA Solar Pvt. Ltd. Vadodara. 
Email- chetan@acvasolar.com 





\ 





SOLAR AGRO SPRAYER 


Solar agro sprayer can be used as a fuel alternating device as the cost of fuel is increasing 
every passing day. It works on the principle of solar photovoltaic (PV), with certain 
modifications on the existing power sprayer in the market. The annual maintenance charge 
of the sprayer is expected to be around Rs. 500 with the initial investment of Rs. 7000 towards 


the cost of the sprayer. 
R. JOSHUA, V. VASU AND P. VINCENT 
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olar agro sprayer is not a new invention and this 
technology finds suitable application in the farming 
community of India. 





POWER SPRAYER AND ITS COMPONENT 


The existing model of power sprayer available in the market 
is shown in Figure 1 and 2. It is a two stroke petrol engine 
with certain mechanical components and a fuel tank. The 
discharging time or operating hour of the tank with a 
capacity of 10 | is about 45 minutes. The operating cost 
depends on the current rate of the fuel. To discharge a full 
tank the fuel requirement is about 1.25 1 of petrol and 20 
ml of oil. The operating cost varies between Rs. 15 and 20 
per tank. The annual maintenance charge of the sprayer is 
expected to be around Rs. 500 with the initial investment 
of Rs. 7000 towards the cost of the sprayer. 


DEMERITS AND LIMITATIONS 


The existing model has certain demerits and limitations. 
The spark plug, carburettor and the air filter are the 
components which need frequent checkup before and after 
operation. To maintain the efficiency of the machine, care 
must be taken. 
» Maintenance of air filter must be strictly observed. 
» Carburettor has been adjusted correctly for service and 
maintenance of the carburettor should be adopted strictly 
as per the instruction of the company. 
» The spark plug has to remain clean and always free from 
oil and deposits. 
= Pipes and carburettor should always be kept clean. 

To overcome the above demerits it is necessary to make 
certain modifications in the existing model. 


DESIGN OF SOLAR AGRO SPRAYER 


The design of solar agro sprayer consist of 
three main parts namely, 

s Solar panel unit 

» Storage battery unit and 

» Rotating motor. 





combination of storage battery and rotating 
motor. ‘The action of the rotating motor 


of the unit to charge the storage battery. 
The units of solar panel, storage battery 
and a rotating DC motor were mutually 
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x FIG 1.: Power sprayer with its component 




















THE PERFORMANCE 
OF A SOLAR AGRO 
In the solar agro sprayer the two SPRAYER STUDIED 
stroke petrol engine component of the WITH DIFFERENT 
power sprayer has been replaced with a RANGES OF SOLAR 
RADIATION SHOWED 
could be controlled by a switch attached THE MAXIMUM 
with it in the assembly. Solar panel TIME REQUIRED 
arrangement has been provided at the top TO CHARGE THE 
STORAGE BATTERY TO 
BE ONLY TWO HOURS. 





attached with one another. A solar panel 
of size of 1m? area with an output power 
of 75 watt has been mounted on a circular 
metal frame which is enclosed over the 
cylindrical chemical tank of capacity of 10 
|. ‘The solar panel arrangement was made 
at an angle of 45° to the vertical so that 
it should not create any trouble to the 
person who is loading the unit on his back. 
Moreover it is able to receive maximum 
solar radiations continuously from the sun 
during the operation of the unit in the 
field. ‘The output of the panel is connected 
in parallel with the 12 V storage battery to 
store the electrical energy from the panel. 
The 12 V battery is properly connected 
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v FIG 4: Storage battery 


| v FIG 3: Charging unit 





with a 12 V DC motor attachment on the frame. ‘The 
operation of the motor is controlled by a press type switch 
attached on the assembly. 


OPERATING PRINCIPLE 


In this device, the solar cells present on the panel are 
used to convert the received solar radiation directly into 


electrical energy by means of a PV principle. The electrical 


TABLE 1: Observation on charging time 


AVERAGE SOLAR TESTING HOURS 


09.00am-11.30am 
03.30pm-06.00pm 


10.00am-12.00am 
600 110 03.30pm-05.30pm 





CHARGING TIME IN 
MINUTES 


RADIATION W/M? 
500 130 


700 95 11.00am-12.30pm 
800 85 12.00am-01.30pm 
900 70 01.30pm-03.00pm 
950 65 02.00pm-03.30pm 


TABLE 2: Cost benefit advantage of the solar agro sprayer. 


ECONOMICS OF SOLAR AGRO SPRAYER 





ECONOMICS OF POWER 
SPRAYER 


Unit cost of power sprayer without engine 1,500 

Cost for motor n 

Unit cost of power sprayer Solar oa” 1,000 
with engine Rs. 5.00 Switches & other service charges 300 

| , 4,000 
(approx) 


— cost per hour: Only one time initial investment. 
Rs. 70 to Rs. 75 No operating cost 
Effective maintenance should 


be adopted Maintenance free for solar panel. 


v FIG 5: Rotating motor 





energy received from the solar cell is stored in a storage 
battery unit for application. This stored electrical energy 
can be converted in to mechanical energy by rotating the 
motor. For this mechanical operation there is no need of 
conventional fuel like petrol and oil. 


PERFORMANCE ANALYSIS 


To assess the performance of the solar agro sprayer the 
following experimental observations were made and its 
characteristics have been made. 

s The power conversion efficiency of the solar cell. 

« The charging time of the storage battery. 

= The discharge time of the storage battery. 

= The discharge capacity of the chemical tank. 


= The operational cost effectiveness with the existing model. 


COMPONENTS OF SOLAR AGRO SPRAYER 


The main components are the charging unit, storage 
battery and the rotating motor of the solar agro sprayer is 
as shown in figure 3, 4, and 5. 


EXPERIMENTAL ANALYSIS 


The discharging time depends on the intensity of solar 
radiation. The performance of the solar agro sprayer were 
studied with different ranges of solar radiation and were 
reported in the Table 1. The maximum time requirement 
to charge the storage battery was found to be two hours 
and the minimum time requirement is one hour. © 
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Biomass co-firing reduces greenhouse gas (GHG) emissions from coal-fired power 
and enables high efficiency power generation from biomass in modern. large-size coal 
fired plants—much higher than the efficiency of hundred per cent dedicated biomass 
power plants. 





A Co-firing in combined heat and power plants is currently the most competitive op 
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iomass co-firing consists of combusting biomass 
and fossil fuels, mostly coal but also natural gas, in 
the same power plant. In most cases, biomass co- 
firing in coal power plants takes place by mixing 
biomass with coal before burning, but biomass can 
also be gasified and burned in separate burners, after which 
the gaseous fuel or steam is mixed with the boiler streams 
of the coal-fired power plant. The advantage of biomass co- 
firing is that it reduces greenhouse gas (GHG) emissions 
from coal-fired power and enables power generation from 
biomass with the high efficiency achieved in modern, large- 
size coal-fired power plants, which is much higher than 
the efficiency of dedicated, 100 per cent biomass power 
plants. The other advantage of biomass co-firing is that 
the incremental investment for burning biomass in coal- 
fired plants is significantly lower than the cost of dedicated 
biomass power. At present, co-firing projects in coal-fired 
power plants exceed the biomass capacity of dedicated 
biomass plants. The Clean Development Mechanism 
(CDM) recognises biomass co-firing as a way to reduce 
CO> emissions in developing countries. The indicators 
developed by international organisations to measure the 
sustainability of bio-energy (including protection of soil 
and water resources, bio-diversity, land allocation and 
tenure, and food prices) need to be integrated into the 
relevant policy measures. The costs of biomass acquisition 
and transportation determine to a large extent the economic 
feasibility of co-firing. The acquisition costs depend on 
possible competition with other biomass energy uses 
(e.g. biofuels) or non-energy applications. In developing 
countries, the use of waste streams from agriculture 
and forestry may also create additional value and job 
opportunities while contributing to rural development. 





CO-FIRING TECHNOLOGIES 


Direct co-firing is the simplest, cheapest 
and most common option. Biomass can 
either be milled jointly with the coal (i.e. 
typically less than 5 per cent in terms of 
energy content) or pre-milled and then fed 
separately into the same boiler. 

Indirect co-firing is a less common process 
in which a gasifier converts the solid 
biomass into a fuel gas that is then burned 
with coal in the same boiler. Though 
more expensive because of the additional 
technical equipment (i.e. the gasifier), 
this option allows for a greater variety 
and higher percentages of biomass to be 
used. Parallel co-firing requires a separate 





AT PRESENT, SOME 
230 POWER AND 
COMBINED HEAT 

AND POWER (CHP) 
PLANTS USE C0- 

FIRING, MOSTLY IN 

NORTHERN EUROPE 


AND THE UNITED 
STATES, WITH A 
CAPACITY OF 
90-700 MW. 


biomass boiler that supplies steam to the same steam cycle. 
This method allows for high biomass percentages and is 
frequently used in pulp and paper industrial facilities to 
make use of by-products from paper production, such as 
bark and waste wood. 


PROCESS AND TECHNOLOGY STATUS 


Biomass co-firing consists of burning biomass along with 
coal in coal-fired power plants. Compared to power plants 
burning 100 per cent biomass, co-firing offers several 
advantages, including lower capital costs, higher efficiency, 
improved economies of scale and lower electricity costs 
due to the larger size and the superior performance of 
modern coal power plants. At present, some 230 power 
and combined heat and power (CHP) plants use co- 
firing, mostly in northern Europe and the United States, 
with a capacity of 50-700 MW. Co-firing in CHP plants 
is currently the most competitive option to exploit the 
biomass energy potential for both electricity and heat 
production. 


PERFORMANCE AND COSTS 


The net electric efficiency of a co-fired coal/biomass power 
plant ranges from 36-44 per cent, depending on plant 
technology, size, quality and share of biomass. While a 20 
per cent co-firing (as energy content) is currently feasible 
and more than 50 per cent is technically achievable, the 
usual biomass share today is below 5 per cent and rarely 
exceeds 10 per cent on a continuous basis. A high biomass 
share means lower GHG emissions. It is estimated that 
1-10 per cent biomass co-firing in coal power plants 
could reduce CO 2 emissions from 45 million to 450 
million tonnes per year by 2035, if no biomass upstream 
emissions are included. However, high 
biomass shares involve technical issues, 
such as securing sufficient biomass, as 
well as potential combustion problems, 
such as slagging, fouling (which reduces 
heat transfer) and corrosion. The overall 
cost of co-firing is sensitive to the plant 
location and the key cost element is the 
biomass feedstock. The investment cost 
for retrofitting a coal-fired power plant for 
co-firing is in the range of 430-500 USD/ 
kW for co-feed plants, 760-900 USD/kW 
for separate feed plants and 3,000-4,000 
USD/kW for indirect co-firing. These 
costs are still significantly lower than the 
cost of dedicated 100 per cent biomass 
power plants. 
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@ln May 2012, Drax Power Limited awarded Alstom a contract to build the n 


be the largest biomass co-firing project in the world — the 


CO-FIRING POTENTIAL 


The substitution of 10 per cent of the global coal-fired 
capacity by co-firing would result in about 150 GW 
biomass capacity. In comparison, today’s co-firing capacity 
is estimated at between 1-10 GW (the variability being 
associated with the actual biomass share in co-firing plants), 
and the total installed biomass capacity amounted to some 
62 GW in 2010. Therefore, a large co-firing potential 
exists, but a substantial increase would pose problems 
regarding the availability of biomass, which can also be 
used for biofuels and biomaterials production. 


GHG EMISSIONS AND ENVIRONMENTAL IMPACT 


Biomass co-firing offers a comparatively low-cost way 
to reduce greenhouse gas (GHG) emissions. While the 
combustion of biomass can be considered carbon neutral, 
the overall GHG balance of the biomass provision (i.e. pre- 
combustion supply chain) depends on many factors, such 
as processing, transport modes and distances, and in the 
case of dedicated energy crops on cultivation/harvesting, 
and possible land use change effects. 


POWER GENERATION EMISSIONS 


If combined with carbon capture and storage (CCS) 
technologies, biomass co-hring results in negative GHG 
emissions (i.e. net removal of CO2 from the atmosphere), 
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also referred to as ‘biogenic carbon sequestration. 


CURRENT COSTS AND COST PROJECTIONS 


At present co-firing in state-of-the-art CHP plants is 
considered the most cost-effective option of producing 
electricity from biomass. Determining the overall cost 
for biomass co-firing in coal-fired power and CHP plants 
requires analysis of several components, particularly the 
costs related to investment, operation, maintenance and 
fuel. It must be noted that the actual costs are very sensitive 
to the specific site and the existing installation (if any), 
which determine the investment costs, as well as costs 
of the coal and biomass to be used. The fuel cost is the 
most important factor when considering the additional 
costs for co-firing. The investment cost depends on the 
plant capacity and service (i.e. power generation only 
or combined heat and power), as well as the type of the 
biomass fuel to be used and the quality of the existing 
boiler (if any). The operation and maintenance (O&M) 
costs are likely to be similar to coal-fired power plants 
(5-10 USD/MW) since co-firing increases fuel handling 
costs but reduces de-sulphurisation and ash disposal 
costs. Ihe biomass fuel cost consists of two components: 
the cost of the feedstock and the cost of transportation, 
preparation and handling. Feedstock costs vary greatly 
with the biomass origin (e.g. dedicated cultivation or 
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agriculture and forestry waste), type and composition (i.e. 
energy and moisture, taxes, fees, etc.). 


SUSTAINABILITY, POTENTIAL AND BARRIERS 


While co-firing currently seems to be one of the most 


> efficient options to exploit biomass for energy use, its 


sustainability and potential are closely linked and depend 
on the overall sustainability of the biomass resources. A 
substantial increase in biomass co-firing poses the question 


of sustainability and availability of the feedstock supply, 
-` which could also be used for the production of biofuels 


and bio-ethylene. Depending on assumptions about 
agricultural and forestry residues, future crop yields, land 
availability for energy crops, demographic expansion and 
diet, estimates of the bio-energy resource potential vary 
over a wide range. 


POTENTIAL FOR DEVELOPING COUNTRIES 


Co-firing offers advantages for emerging and developing 
countries since the use of waste from forestry and agriculture 
will increase the economic value of these sectors, which are 
usually strong components of the economy in these countries. 
Instead of being burned on the fields, as is commonly done, 
agricultural waste could be used profitably in co-firing 
power-plants. However, international cooperation is needed 
to ensure the environmental and social sustainability of 
biomass exploitation (e.g. guarding against land-grabbing or 
deforestation, biodiversity loss in connection with large-scale 
monocultures). Of key importance is the fact that biomass 
co-firing has been recognised as a mitigation technology by 
the UNFCCC and that countries can sell carbon credits 
associated with their co-firing projects. 
Also important is biomass trading, which 
is increasing swiftly, driven by high fossil 
fuel prices and policies to reduce GHG 


emissions. 


SUSTAINABILITY GUIDELINES AND 
CERTIFICATION 

The Global Bioenergy Partnership (GBEP) 
has recently completed a set of 24 indicators 
to measure the sustainability of bioenergy. 
These indicators cover environmental, 
social and economic aspects (e.g. soil 
protection, water resources, biological 
diversity, land allocation, food prices, 
energy access, infrastructure, workforce 






training). Similarly, the World Bioenergy 
Association (WBA) uses sustainability 


criteria as the basis for their verification 


IN DEVELOPING 
COUNTRIES, THE 
USE OF WASTE 
STREAMS FROM 
AGRICULTURE AND 
FORESTRY MAY ALSO 
CREATE ADDITIONAL 
VALUE AND JOB 
OPPORTUNITIES 
WHILE 
CONTRIBUTING 
TO RURAL 

DEVELOPMENT. 
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scheme of biomass sustainability. The Bioenergy and 
Food Security Criteria and Indicators project (BEFSCT) 
of the United Nations Food and Agriculture Organisation 
(FAO) has made a compilation of bioenergy sustainability 
initiatives. Certification schemes can help safeguard against 
unsustainable practices (e.g. in the energy forestry sector). 
The IEA Bioenergy Implementing Agreement has produced 
an overview of bioenergy certification initiatives. On the 
industry side, the European Pellet Council, in collaboration 
with the Wood Pellet Buyers Initiative, recently launched 
its ‘ENplus’ certificate to support standardisation for pellets 
used in Europe, both locally produced and imported. More 
than 30 producers and 40 traders have so far been certified, 
with several others in the pipeline (as of 13 December 
2011). The scheme is expected to expand and also include 
the sustainability criteria. Similar wood pellet certification 
schemes are being developed in the United States and by the 
Technical Committee on Solid Biofuels of the International 
Organisation for Standardisation (ISO). 


POLICIES AND INCENTIVES TO SUPPORT CO-FIRING 


Considering current prices for coal and biomass, co-firing 
is generally more expensive than solely coal-based power 
generation or CHP. The competitiveness of biomass co- 
firing can be improved through measures to make coal-based 
energy more expensive, particularly carbon pricing through 
emission cap-and-trade schemes or carbon taxation. Based 
on current carbon prices, the incremental cost of co-firing 
cannot be fully recovered by selling emission permits, but 
the new European Union Emissions Trading System (EU 
ETS) in 2013 is likely to increase co-firing competitiveness 
and pellet use in Europe as large emitters 
(e.g. coal power plant owners) are subjected 
to auctioning of their CO2 allowances. 
Other measures to increase the profitability 
of biomass co-firing include the removal of 
specific fossil-fuel subsidies, incentives for 
the conversion of power plants into CHP 
plants, government support to biomass 
supply infrastructure and dedicated R&D 
funding for co-firing. Governments can 
also establish mandatory use of biomass co- 
firing by quota obligation schemes. Policies 
should seek the most efficient use of the 
given biomass potential by encouraging co- 
firing in CHP plants where district heating 
systems are available and in connection 
with industrial facilities. © 


Inputs from IEA-ETSAP and IRENA Technology 
Brief E21 -—2013 
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Liquid biofuels are made from biomass and have qualities that are similar to gasoline, diesel 
or other petroleum-derived fuels. The International Energy Agency (IEA) estimates that the 
use of liquid biofuels could grow rapidly in the coming years, reaching a level of 9 per cent 
(11.7 EJ) of the total transport fuel (126 EJ) by 2030 and about 27 per cent by 2050. 
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iquid biofuels are made from biomass and have 
qualities that are similar to gasoline, diesel or other 
petroleum-derived fuels. The advantage of biofuels 
is that they can substantially reduce greenhouse 
gas (GHG) emissions in the transport sector 
alie. between 70 and 90 per cent compared to gasoline) 
Meith only modest changes to vehicle technology and the 
existing fuel distribution infrastructure. The disadvantage 








is that, apart from sugarcane ethanol, the large-scale 


production of liquid biofuels based on today’s technology 
and feedstock would compete with food production for 
arable land and water, with limited expansion potential 
in certain cases. The International Energy Agency (IEA) 
estimates that the use of liquid biofuels could grow 
rapidly in the coming years, reaching a level of 9 per cent 
(11.7 EJ) of the total transport fuel (126 EJ) by 2030 and 
about 27 per cent by 2050. This could avoid the emission 
of around two billion tonnes (Gt) of CO2 per year and 
contribute significantly to halving GHG emissions by 
2050, compared with their current levels. 


BIO-ETHANOL 


Commercial bio-ethanol can be produced from many types 
of feedstock, including sugarcane, sugar beets, corn (maize), 
wheat, potatoes, sorghum and cassava. Production from 
sugar crops (i.e. sugarcane, sugar beet, sorghum) is based on 
the fermentation of sucrose followed by distillation to fuel- 
grade ethanol. Production from sugarcane is particularly 
easy and efficient because a considerable amount of sucrose 
is readily available, and crushed stalk (bagasse) can be used 
to provide heat and power to the process, 
as well as to other energy uses. In 2011, 
the largest producers of bio-ethanol were 
the United States (63 per cent), using corn, 
Brazil (24 per cent), using sugarcane, and 


China (2.5 per cent). 


BIODIESEL 


Commercial production of biodiesel is 
based on trans-esterification of vegetable 
oils (chemically or mechanically extracted 
from rapeseed, palm seeds, sunflowers, 
etc.), animal fats and waste oil through the 
addition of methanol (also bio-methanol or 
other alcohols) and catalysts, with glycerine 
as a by-product. The largest producers of 
biodiesel in 2011 were the European Union 
(43 per cent), the United States (15 per 
cent), Brazil and Argentina (each around 
13 per cent). 


ALGAE HAVE 
RECENTLY GAINED 
ATTENTION AS 
A POTENTIAL 
FEEDSTOCK FOR 
BIO-FUELS AND 
ARE CONSIDERED 


PRIMARILY FOR 
BIODIESEL AND JET 
FUEL PRODUCTION 

SINCE FEWER 
ALTERNATIVES EXIST 
TO REPLACE THESE 
FUELS. 





BIOMASS-BASED HYDROGEN 


This can be obtained by steam reforming of bio-ethanol 
and methanol or even from biomass gasification, followed 
by syngas water shift reaction and separation (i.e. pressure 
swing absorption, cryogenic or membrane separation) 
with CO» as a by-product. Biological production of 
hydrogen is also under investigation. In comparison 
with other fuels, hydrogen offers a high energy density 
(120MJ/kg) per unit of mass but a very low energy 
density in volume. Its use as a practical and commercial 


fuel requires further R&D and time. 
ALGAE-BASED BIOFUELS 


Algae have recently gained attention as a potential 
feedstock for biofuels. In principle, they offer high yields 
(i.e. several times the yield of palm feedstock) and large 
CO, absorption by photosynthesis with up to 90 per 
cent lower water needs than terrestrial crops, possible 
use of saline or waste water and no need for arable land. 
They are considered primarily for biodiesel and jet fuel 
production since fewer alternatives exist to replace these 
fuels. However, algae cultivation in open ponds requires 
regions and sites with the appropriate climate, sunshine 
and water nutrients, whereas alternative cultivations in 
closed photo-bioreactors are very expensive. 


ADVANCED BIOFUEL TECHNOLOGIES 


To address the sustainability issues of conventional 
biofuels, advanced biofuel technologies focus on non- 
food feedstock, including agriculture and forest residues, 
organic and woody fraction of urban waste, 
short-rotation forestry (e.g. eucalyptus, 
poplar, robinia, genetically 
modified crops and perennial grasses (e.g. 
miscanthus, switch grass, jatropha) grown 
on marginal, non-arable land, though 
with moderate yields. The conversion 
of ligno-cellulosic feedstock into liquid 
biofuels is based on two main processes 
(i.e. biochemical and thermo-chemical 
conversion) whose commercial feasibility is 


willow), 


currently under demonstration in a number 
of plants all over the world. These processes 
exploit not only the sugar, starchy and oil 
components of the feedstock but also all 
the available ligno-cellulosic materials, 
thus considerably enlarging the available 
biomass resource. The biochemical process 
is based on enzymatic or acidic hydrolysis 
to convert cellulose and hemicellulose 
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Other possible conversions: hydrogen from biogas (water shift), from BioSNG, biomethane and ethanol (reforming). Other 
by-products: heat and power from bagasse and lignin, nutrients and bio-chemicals from glycerin and lignin, biochemicals 


and bioplastics from bio-oils, algae based biomass (lipids and sugars) can supply almost all process. 


A Feedstock, processes and output for sustainable biofuel production 


into sugars, followed by fermentation and distillation to 
ethanol, the same as the conventional process. Converting 
cellulose into sugar is more challenging than converting 
starchy biomass for Ist generation biofuels since the lignin 
tends to inhibit hydrolysis and must be removed. ‘The 
thermo-chemical process (i.e. biomass-to-liquid, BTL) is 
similar to the process to produce liquid fuels from coal. 
It includes biomass pre-treatment, gasification at around 
850°C in controlled air/O2 atmosphere to produce 
syngas, clean-up of syngas and the well-known catalytic 
Fischer-Tropsch (FT) conversion to produce a variety of 
fuels—basically diesel and jet fuel from low temperature 
FT, and gasoline and chemicals from high temperature 
FT. The process offers a number of variants and products: 
the syngas can also be used to produce hydrogen (shift 
reaction), methanol, ethanol and DME. Fast pyrolysis (i.e. 
low-temperature 400-600°C gasification in the absence 
of Oo, followed by quick cooling at 100°C to obtain a 
condensed oil) can convert biomass into bio-oil to be 
refined into diesel. The hydrothermal process consists of a 
biomass treatment with pressurized water at temperatures 
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of 300-400°C, which can produce bio-oil with lower water 
and oxygen content than fast-pyrolysis oil. 


CURRENT COSTS AND COST PROJECTIONS 


Biofuel costs and prices depend on the highly variable 
prices of feedstock and the capital costs of production 
plants. Commercial competitiveness of biofuels also 
depends on the variable prices of conventional fuels (i.e. 
gasoline and diesel). Because biofuels differ from fossil 
fuels in terms of energy content (e.g. ethanol energy 
content by volume is two-thirds that of gasoline), Biofuel 
costs are usually given as US dollars per litre of gasoline or 
diesel equivalent (lge or Ide). For conventional biofuels, 
the dominant cost element is the feedstock cost. The 
IEA provides estimates of typical international biofuel 
retail prices (untaxed), which account for feedstock, 
conversion process, fuel distribution and value of co- 
products. Advanced biofuels are more capital-intensive 
than conventional biofuels. The investment costs for a 
commercial-scale plant with a capacity between 50MI/ 
yr and 150Ml/yr range from 125-250 million USD that 














is up to ten times more than a conventional biodiesel 
plant with the same capacity. Investment costs vary 
considerably as a function of the biomass pre-treatment 
and conversion process. 


POTENTIAL AND BARRIERS 


Biofuel potential and barriers depend basically on 
biomass resources and policies to either promote or 
regulate the sustainable exploitation of bioenergy. 
Estimates of the bioenergy technical potential vary 
considerably from an optimistic 1,500 EJ/yr by 2050. 
Recent analyses estimates the potential feedstock for 
biofuels and bioenergy production by 2050 at around 
85 EJ from agricultural and forestry residues, plus 
60 EJ from surplus forest growth and 120 EJ from 
surplus arable land for dedicated energy crops, with 
little or no environmental impact. Estimates suggest 
that around 5 Gt (dry matter) of agricultural residues 
and 0.5 Gt of forestry residues are currently available 
for energy production on a global scale (mostly in Asia 
and America) and that this potential could increase 
to 6.8 Gt and 0.7 Gt, respectively, by 2030. Using 10 
per cent of this biomass for biofuel production would 
result in 120-150 billion lge of liquid biofuels (or 220 
billion lge of biogas) —almost twice the biofuel demand 
in 2008 (i.e. 6 per cent of the current total transport 
fuel demand) and 45-50 per cent of the expected 2030 
biofuel demand. In its sustainable energy scenarios, the 
projects that biomass could provide about 13.6 per cent 
of the total primary energy supply (TPES) and 9.3 per 
cent of total transportation fuel by 2030 and that these 
figures could increase to 20 per cent and 26 per cent, 
respectively, by 2050. High costs, poor infrastructure, 
lack of know-how and inadequate labour 

skills remain major barriers to biofuel 

production in developing countries. 


POLICY ASPECTS 


Promotion of biofuels is part of 
the overall policy to reduce GHG 
Mandates and 


for blending biofuels with fossil fuels 


emissions. incentives 
are in place in many countries and 
contribute significantly to the ongoing 
growth in biofuel use. However, policy 
measures should only promote advanced 
technologies with best performance in 


GHG 


and socio-economic impact. Particular 


terms of land use, reductions 


support should be granted to biofuel 
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R An algae closed photo-bioreactor at 
Netherlands 


University of Wageningen 


production from residues and to ligno-cellulosic crops 
grown on non-arable land. As access to water is a 
growing concern in many countries, priority should be 
given to energy crops that require little or no irrigation. 
At present, the European Union, the 
United States and other countries provide 
financial support for advanced biofuels 
through grants, loan guarantees and 
feed-in-tariff mechanisms. The United 
States has a specific target for cellulosic 
biofuels (i.e. 60 billion litres by 2022) 
while the European Union supports 
ligno-cellulosic fuels, waste- and algae- 
based biofuels by counting twice the 
the 2020 


energy and GHG emissions targets. 


contribution to renewable 
Blending targets or tax credits are also 
in place in Brazil, China, India, South 
Africa and Thailand, among others. © 
Inputs from IEA-ETSAP and IRENA Technology 
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9 MW lithium-ion energy storage system in South Salem, Oregon SOURCE: Clean Technica 


ELECTRICITY STORAGE 


Electricity storage can facilitate the grid integration of renewable power 
technologies, such as wind and solar—the production of which varies depending on 
the daily and seasonal meteorological conditions, with variations lasting for seconds 
to minutes to hours. 
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lectricity storage is a key technology for electricity 
systems with a high share of renewables as it 

allows electricity to be generated when renewable 
sources (i.e. wind, sunlight) are available and to be 
consumed on demand. It is expected that with the 
increasing price of fossil fuels and peak-load electricity, 
coupled with the growing share of renewables will 
result in electricity storage to grow rapidly and become 
more cost effective. Storage technologies with different 
characteristics (i.e. storage process and capacity, conversion 
back to electricity and response to power demand, energy 
losses and costs) are currently in demonstration or pre- 
commercial stages. 





Pumped hydro plants are large-scale storage systems 
with a typical efficiency between 70 per cent and 80 per 
cent, which means that a quarter of the energy is lost in the 
process. The only commercial storage option is pumped 
hydro power where surplus electricity (e.g. electricity 
produced overnight by base-load coal or nuclear power) 
is used to pump water from a lower to an upper reservoir. 
Pumped hydro systems consist typically of two reservoirs 
located at different elevations, a pump and a hydro- 
turbine or a reversible pump-turbine. The global installed 
capacity is currently about 104 GW (2008) in some 200 
plants, of which 38 GW are in the EU, 25 GW in Japan 
and 22 GW in the United States. 


Compressed air energy storage (CAES) systems 
store energy by compressing air. [hey require large, low- 
cost natural buffers (e.g. caverns) to store compressed 
air, which is then used in gas-fired turbines to generate 
electricity on demand. CAES systems use off-peak 
electricity to compress and store air into underground 
mines or caverns. Compressed air is then used in natural 
gas turbines to generate peak-load electricity. Usually 
simple-cycle gas turbines use almost two- thirds of the 
input fuel to compress air prior to combustion (i.e. 
efficiency of 37-38 per cent). Using compressed air 
from CAES, the turbine can save up to 40 per cent of 
the input fuel used to generate electricity, and the typical 
efficiency (i.e. ratio of energy output to energy needed for 
compression) of a CAES with a simple-cycle gas turbine is 
about 50 per cent. This efficiency can be increased using 
combined cycle gas turbines. 


Flywheels store electricity as mechanical energy, which 
is then converted back to electricity. During charging, the 
flywheel rotation speed increases up to 30,000-50,000 
rpm driven by a motor-generator. During discharging, 





the flywheel rotation drives the generator to produce 
electricity. To minimize the energy loss, friction must be 
minimized by operating the flywheel in a vacuum and 
using magnetic bearing instead of mechanical bearing. 
This considerably increases the cost of the device but 
enables storage efficiency of more than 85 per cent. 


Electrical batteries and vanadium redox flow cells 
store electricity as chemical energy. Vanadium redox 
flow cells or batteries (VRB) are electro-chemical energy 
storage systems based on the vanadium ability to exist at 
four different oxidation levels. During energy charging, 
vanadium ions in a diluted solution of sulphuric acid 
vary their oxidation, thus storing electricity in the form 
of electro-chemical energy. The process reverses during 
discharging. The main disadvantages are the complexity 
of the system (unsuited for mobile applications) and 
the relatively low energy density by volume, i.e. 20—40 
Wh/I compared with 40-80Wh/I for lead-acid batteries, 
140-170Wh/I for NaS batteries and 140-210 Wh/I (up 
to 630) for Li-ion batteries. 


Thermal energy storage is under demonstration in 
concentrating solar power (CSP) plants where excess 
daily solar heat is stored and used to generate electricity 
at sunset. 

Supercapacitors store electricity as electrostatic 
energy and often combined with batteries. 
Supercapacitors (electrochemical double-layer capacitors 
or ultra-capacitors) are high-capacitance electrochemical 
condensers. They are based on a thin, layered solid-liquid 
interface created by special, high-surface (1000 m/?/g) 
carbon electrodes and electrolytes. Super-capacitors 
enable energy storage with higher power density (up to 
6-8 kW/kg) and lower specific energy (e.g 30 Wh/kg) 
in comparison with Li-ion batteries (100-250 Wh/kg). 
They can discharge their energy content in a short time, 
depending inversely on the output power (e.g. 10 kW for 
seconds or 1kW for one minute), and offer long lifetimes 
(e.g. 100,000 cycles). 


are 


Superconducting magnetic storage use supercon- 
ducting technology to store electricity efficiently but need 
more research to be developed. An SMES system consists 
of a superconducting coil, a DC/AC converter, a quench 
protection system and a magnet cooling system. The AC/ 
DC converter rectifies the grid alternate current (AC) to 
generate the magnetic field where energy is stored. After 
charging, the current does not decay and the energy can 
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@ Battery bank installed to store solar power in Madhya Pradesh 


be stored indefinitely with negligible or no losses. The 
stored energy can be released back to the grid by dis- 
charging the coil through the AC/DC converter. 


NEED FOR ELECTRICITY STORAGE 


Electricity can only be stored after conversion into other 
forms of energy (i.e. potential, mechanical, thermal, 
chemical, electrostatic or magnetic energy). In general, 
electricity storage (i.e. storing electricity 
when production exceeds demand and 
using it during peak-demand periods) is a 
challenging and costly process. In today’s 
power grids, electricity storage capacity is 
modest about 110 GW on a global basis 
and power generation varies continuously 


More 


electricity storage could help balance the 


to meet demand fluctuations. 
grid, reduce the need for costly peak- 
load capacity and operate base-load 
power plants efficiently at full power. 
More importantly, electricity storage can 
facilitate the grid integration of renewable 
power technologies, such as wind and 
solar, the production of which varies 


THE GLOBAL 
INSTALLED CAPACITY 
IS CURRENTLY ABOUT 

104 GW (2008) IN 
SOME 200 PLANTS, 


OF WHICH 38 GW 
ARE IN THE EU, 25 
GW IN JAPAN AND 22 
GW IN THE UNITED 
STATES. 











depending on meteorological conditions with variations 


lasting for seconds to minutes to hours. 


TECHNOLOGY STATUS AND PERFORMANCE 


Depending on the specific technology, the performance 
of a storage system can be defined by the following 
parameters: 

Energy storage capacity is the amount of energy that 
can be stored in the system. 

Charge and discharge rates define how 
fast energy can be charged/ discharged. 
For most technologies, the discharge rate 
can vary during operation and is often 
higher than the charge rate. 

Response time (in seconds, minutes) is 
the time needed for the storage system to 
start providing energy on demand. 

Lifetime of a storage system is given 
as the number of cycles, years or stored/ 


energy, 
specific technology. 


provided depending on the 

Efficiency (or roundtrip efficiency, per 
cent) is the ratio of energy discharged by 
the system to the energy needed to charge 
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it at each cycle and accounts for energy lost in the storage 
cycle. 

® Energy density (kWh/kg, kWh/m?*, Wh/I) and power 
density (kW/kg and kW/m’) matter in applications 


where space is at a premium. 


COSTS AND ITS PROJECTIONS 


In general, energy storage is economically competitive 
if the electricity marginal price is higher than the cost 
of storing and retrieving electricity, including the cost of 
energy lost in the process. Investment or capital costs of a 
storage technology can be given per unit of power capacity 
(USD /kW) or per unit of energy storage capacity (USD 
/kWh). Operating costs are given per unit of power 
capacity per year (USD /kW-yr). The overall cost and the 
levelised cost of energy storage are given per unit of energy 
(USD / kWh) as the ratio of all costs incurred for storing 
the energy (capital, operation and energy costs, if any) 
to the total amount of energy stored in all storage cycles 
over the plant's lifetime. Pumped hydro is the cheapest 
option for large-scale electricity storage. The current 
capital cost of new pumped hydro facilities is estimated 
to range between 2000—4000 USD/kW, with dam and 
civil infrastructure accounting for 60 per cent, pump- 
turbine devices for 15 per cent and other components 
and systems for the remaining 25 per cent. The estimated 
capital cost for new Compressed Air Energy Storage 
(CAES) facilities using natural underground caverns is 
on the order of 800-1000 USD/kW for capacities of 
100-300 MW (assuming a cheap availability of natural 
underground storage sites) and 1500-1800 USD/kW for 
small capacity (10-20 MW). The capital cost of CAES 
systems is also sensitive to the site. Flywheels’ capital 
cost is also sensitive to size and applications. It ranges 
from less than 1000 USD/kW for small, 
simple UPS systems to 4000 USD/ kW 
for MW-size systems. Supercapacitor cost 
is estimated to range between 1500 USD 
and 2500 USD per kW with a learning 
rate of 14-15 per cent based on the 
current production (the current value of 
supercapacitors global market in sectors 
other than energy storage is estimated to 
amount to a few hundred million dollars 
per year). Vanadium flow cells are also 
projected to reduce their capital cost 
from the current level of 3000 to 4000 
USD per kW to about 2000 USD/kW 
with a prospective overall storage cost of 


250-300 USD/MW, depending of actual 


THE PIKE MARKET 
RESEARCH FIRM 
ESTIMATES THAT THE 
GLOBAL ENERGY 
STORAGE MARKET 


COULD RISE 
FROM USD 1.5 
BILLION IN 2010 TO 
ABOUT 35 BILLION 
USD IN 2020. 
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lifetime. Li-ion batteries for power applications are still 
expensive (up to 2500 USD/kW) because of the need 
for new materials and technology, as well as overcharging 
protection and packaging to improve reliability and 


safety. 
POTENTIAL AND BARRIERS 


Energy storage technologies and markets are quickly 
evolving as the share of renewable electricity grows and 
there is an increasing need for grid stabilization, load 
levelling and integration of variable renewables. The 
increasing cost of peak electricity will also make energy 
storage more attractive. The Pike Market Research firm 
estimates that the global energy storage market could rise 
from 1.5 billion USD in 2010 to about 35 billion USD 
in 2020. Among storage technologies, pumped hydro still 
has considerable expansion potential, the only barriers 
being the lack of suitable sites for fnstallation and the 
local environmental impact. A large potential is associated 
with seawater pumped hydro, which offers comparatively 
easier coastal location. A 30 MW demonstration plant 
with 136 m head and 546,000 m? water storage is in 
operation in Okinawa (Japan). CAES expansion is also 
limited by the lack of suitable natural storage sites (e.g. 
caverns). However, significant R&D efforts focus on 
improving CAES efficiency. A large market expansion 
potential is anticipated for Li-ion batteries. The market 
intelligence firm IHS iSupply estimates the grid-tied 
Li-ion battery market to reach USD 6 billion by 2020. 
Policy measures are needed to support the energy storage 
market. 

An important storage technology for low-cost (night) 
electricity is the conversion into hydrogen via electrolysis. 
At present, some utilities are reconsidering the process due 
to the increased efficiency (more than 75 
per cent) of electrolysers and the possible 
conversion of hydrogen into methane 
(methanation) with CO2 absorption. This 
process is under consideration as a storage 
option for wind power. Electric utilities 
are also considering potential electricity 
storage in the batteries of electric 
vehicles: charging the batteries of electric 
vehicles overnight would offer a unique 
opportunity for distributed electricity 
storage with virtually no cost and could 
also contribute to emission reductions in 
the transport sector. © 
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: 100 KW Solar Power Plant at State Institute of Capacity Building, Karfecar. Sikkim under JNNSM 


SIKKIM EMPOWERING 
THE RE WAY 


The Ministry of New and Renewable Energy, Government of India has sanctioned the 
installation of six solar power plants with an aggregate capacity of 530 KW at various 
government institutions in Sikkim under the Jawaharlal Nehru National Solar Mission 
for off grid solar application. 
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nder the Jawaharlal Nehru National Solar 

Mission (JNNSM) for off grid solar application 

the Ministry of New and Renewable Energy 

(MNRE) has sanctioned the installation of 

six solar power plants to Sikkim Renewable 

Energy Development Agency (SREDA) with 
an aggregate capacity of 530 KW at various government 
institutions in Sikkim. The total cost of the above 
project is over Rs. 14.23 crore and MNRE has provided 
Central Financial Assistance to the tune of Rs. 12.94 
crore. Among them SREDA has recently completed two 
projects—100 KW solar power plant at the state institute 
of capacity building and 100 KW solar power plant at the 
state institute of rural development, both at Karfectar in 
South Sikkim. 

After the 6.8 magnitude earthquake hit Sikkim in 
2011, as a onetime relief package MNRE has sanctioned 
14,900 solar lanterns to be distributed amongst the 
earthquake affected people and 5,000 solar homelights 
to be distributed to government institutions. The solar 
lanterns were distributed to all affected persons while 
the homelights were distributed to all primary health 
centres, all police checkposts, and various institutions. 
Both these sanctions fell under the preview of the 


JNNSM for off grid solar application. 


SADP 

Under Special Area Demonstration Programme (SADP) 
of MNRE, SREDA installed a 20 kW solar power plant 
at the Sikkim Legislative Assembly, Gangtok. ‘The total 
estimated cost of the project being 56 lakhs out of which 
MNRE has sanctioned Central Financial Assistance to 
the tune of Rs. 44 lakhs. The project was completed and 
handed over to State Legislative Assembly, Gangtok on 
26th of July 2012. 


SMALL HYDRO PROGRAMME 

A 20 kW micro hydro plant at Gor village in Dzongu, 
North Sikkim was inaugurated in May 2012. The 
implementation of the project had to encounter various 
obstacles like the earthquake of September 2011, which 
damaged the penstock extensively. SREDA also involved 
the state agriculture department to set up rice, maize 
and mustard grinding mills to which the electricity 
was supplied from the hydro plant. The people of Gor 
expressed their gratitude as they used to travel to Singtam, 


around 45 km away for grinding purposes. 


SOLAR WATER HEATERS 
Under the SADP of MNRE, SREDA successfully 





Akshay Urfa 





A 100 litres solar water heater at Ringhem Monastery, North Sikkim which was 
badly affected by the 2011 earthquake. 


installed 100 | per day solar water heating systems to 100 
households in North Sikkim. The area was among the 
worst affected earthquake hit regions in Sikkim. 


NATIONAL BIOGAS AND MANURE MANAGEMENT 
PROGRAMME 

Under National Biogas and Manure Management 
Programme, SREDA provided 220 households with 
biogas plants last year, among which 5 houses were in the 
Suminkhor village in South Sikkim. These households 
were using firewood for cooking owing to long distance 
from the road for transportation of LPGs. The villagers 
were extremely happy with the women taking a major 
role in transporting construction materials from the 
roadhead. With the installation of biogas plants, they are 
leading a healthier lifestyle as the kitchen is smokeless and 
there is more time for them to engage in other income 
earning activities as it is no longer essential for them to 
forage firewood in the forests. @ 


Inputs from Sikkim Renewable Energy Development Agency 
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RENEWABLE ENERGY 
FINANCING 


IREDA, since its inception has played a catalytic role in the commercialization of renewable energy 
in the country by providing innovative and customized financial services across the entire value 
chain, from manufacturing facilities to power generation and evacuation projects. 
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e Indian Renewable Energy Development Agency 
(IREDA) was established in 1987 as financial 
institution under the Ministry of New & Renewable 
Energy (MNRE), with a mandate to promote the 
commercial use of new and renewable technologies 
by making available adequate financial resources for the 
sector. Since its inception, IREDA has played a catalytic 
role in the commercialization of Renewable Energy in the 
country by providing innovative and customized financial 
services across the entire value chain, from manufacturing 
facilities to power generation and evacuation projects. 

IREDA has led the way in financing renewable energy 
projects by following a unique business model, wherein, 
it plays a catalytic role by creating and showcasing success 
stories in order to reduce the risk perception of other 
lending agencies like banks and financial institutions and 
encouraging them to finance such projects. The effectiveness 
of the business model followed by IREDA can be gauged 
from the fact that in spite of a global economic slowdown, 
IREDA achieved a growth rate of over 30 per cent CAGR 
in the last 5 years (2007-12). 

In the 25 years of its existence, IREDA has financed more 
than 2000 projects across different technologies, like solar, 
wind, biomass, cogeneration, hydro and energy efficiency, 
with disbursements close to Rs. 9723.30 crore. This has 
led to setting up of about 2500 MW of clean power 
generating capacity in the country, resulting in abatement 
of over 5 million tons of CO? green house 
gases (GHG) on an annual basis. IREDA ae 
has come a long way since its inception 
with profit after tax (PAT) of Rs. 0.10 crore 
(1987-88) to Rs. 173.13 crore (2011-12). 
The average growth rate of PAT is over 25 
per cent in the last 5 years (2007-12). 

Conducive policy environment is one 
of important prerequisites for growth and 
development of the renewable energy 
market. IREDA plays a critical role in 
providing feedback to the Government for 
formulating policy direction for healthy 
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IN THE 25 
OF ITS EXISTENCE, 
IREDA HAS FINANCED 
MORE THAN 
2000 PROJECTS 
USING DIFFERENT 
TECHNOLOGIES, 
LIKE SOLAR, 
WIND, BIOMASS, 
COGENERATION, 
HYDRO AND ENERGY 
EFFICIENCY, WITH 
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CLOSE TO RS. 

9723.30 CRORE. 


Akshay Urfa 


OPERATIONAL AREAS 


Wind 
Hydro 


Biomass power 
Cogeneration 
Solar 
Waste to energy 


rgy efficiency 


Ene 


Ais Din 








X eal ‘ ls ji 
Altern: vo. MRT ee a 
ne acca gat eA N, ES) e oh An 
















Finance for equipment manufacturing 
LENDING TERMS 


~ Loan- upto 70 per cent of project cost 
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market growth of the renewable energy 
sector. Some of these schemes included the 
ambitious 20,000 MW Jawaharlal Nehru 
National Solar Mission, Renewable Energy 
Certificate mechanism and the Wind-GBI 
programme. IREDA also participates in 
administration of many of the programmes 
of the Government. 

Being a pioneering institution, IREDA 
is devising new and innovative financing 
schemes to suit the needs of the sector. 
Apart from offering term loans for setting 
up projects, IREDA offers tailor made 
instruments for financing of RE/EE 
manufacturing facilities and evacuation 
systems, securitization against future 
receivables, facilitating limited recourse 
financing under a structured repayment 
mode and financing large size projects 
under consortium/ cofinance. 

Due to its impeccable credentials 
and high brand equity, multilateral and 
bilateral development agencies, like the 


RE 
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RENEWABLE ENERGY FINANCING 





HIGHLIGHTS: 25 YEARS OF OPERATIONS 





Projects sanctioned :2017 
Loan commitments : Rs. 18711.78 crore 
Loan disbursements : Rs. 9723.30 crore 
Sanctioned capacity : 9,134 MW 
Commissioned capacity:2,.436 MW 


HG mitigation : 5.5 MT CO,eq. 
Till FY 2011-12 


Profit after tax (Rs. crore) 
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@ Multilateral anc bilateral development agencies 


NEW INITIATIVES 


Securitization against future receivables 





Structured repayment 
Consortium/ co-finance 


Non-recourse financing 


IMPACT OF IREDA'S OPERATIONS = 





Pioneered RE financing in India 


Encouraged entry of private sector 
Catalyzed Fls & banks to finance RE 
Developed innovative financing 
Worked towards conducive policies 
Sourced low-cost funds 





A IREDA has received global recognition and numerous accolades for its pioneering work in catalyzing green 
financing in India. To name a few, it has received the Wind India Award, Water Globe Award, the Indian Power 
Award and the Green Innovators Award 


World Bank, Asian Development Bank (ADB), German 
Development Agency (KfW), French Development 
Agency (AFD), Nordic Investment Bank (NIB) and the 
Japanese International Corporation Agency (JICA) have 
been supporting the endeavours of IREDA. It has sourced 
over 1300 million USD from these agencies, enabling 
availability of credit to the Indian project developers at 
competitive terms, leading to better viability of these 
ventures. Due to the quality of due-diligence, the ease of 
transaction and the transparency being followed at IREDA, 
many of these international agencies are offering newer and 
larger lines of credit. 

To broad base the funding of the sector, IREDA 
participates in joint financing of projects along with 
commercial banks and financial institutions. This leads to 
creation of a multiplier effect as the participant institution 
feels confident to lend to this sector due to [REDAs 
inherent strengths in assessment of RE projects. True 


to its role as a development institution, IREDA acts as 
a knowledge repository of the Indian renewable sector. 
The organization is playing an important role in capacity 
building of the stakeholders as required in this upcoming 
sector by way of sharing its experience through publications 
and dissemination of sector specific literature like best 
practices manuals, compendiums, sectoral reports and 
analysis etc. It also conducts workshops and seminars for 
awareness creation that encouraging investors. As a result, 
the renewable energy sector has been placed at the center- 
stage while planning for the energy policy of the country. 

IREDA has been playing the role of a true market leader 
in the area of renewable energy financing, acting as a market 
catalyst to drive higher investments into this sector, besides 
fulfilling its developmental role by creating awareness on 
renewable energy technologies. © 


Inputs from R.K Vimal, General Manager, IREDA. 
Email- rkvimal@ireda.gov.in 
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" SOLAR ENERGY CENTRE 





Solar Energy Centre (SEC) is devoted primarily to the area of solar energy facilitates knowledge 
transfer and manpower development. SEC has already established a national solar quality 
infrastructure that strives for increasing reliability of solar energy technologies through the setting 


up of test facilities. 





& A view of the Solar Energy Centre, Gurgaon 


EC located in Gwalpahari, Gurgaon is a research 
institute of the Ministry of New and Renewable 
Energy (MNRE) with the objective to develop 
application oriented The 
approach to meet the objective includes design, 
development, evaluation, validation and finally formulation 
of standards. SEC has already established a national solar 
quality infrastructure that strives for increasing reliability 
of solar energy technologies through setting up of test 
facilities, introducing calibration and reference systems, 
long term performance evaluation under outdoor field 
conditions, and, bringing out specifications and standards. 
The Centre also showcases important technologies that 


technologies. 
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have application potential. SEC facilitates knowledge 
transfer and manpower development through its Visitors’ 
Programme that includes workshops, training programmes, 
internship of young researchers, dissertations by graduate 
and post graduate students of various institutes, and 
technical visits. 

SEC is engaged in interactive research with national 
and international research organizations and industry, and 
provides a platform for technical collaboration with other 
nations. The R&D programme of the Centre is mainly 
designed to address application related issues: solar cooling; 
100 kW high efficiency absorption prototype; 5 kW 
absorption prototype with air cooling; 15 kW absorption 
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Experimental solar installations at the rooftop of SEC 


prototype with air cooling; and 5 kW adsorption prototype. 
All these systems is in the process of being evaluated for 
their long term performance. 

A project on a solar-biomass hybrid system for remote 
village application in electrification and providing cold 
storage facility has been undertaken by SEC in collaboration 
with TERI, Thermax Ltd. and CSIRO. Under the project 
a 50 kW biomass gasifier system provides electricity, and 
the waste heat of the engine (exhaust) is used as the main 
source of energy for the cold storage. ‘The system has been 
designed in such a way that in the day (when the sun is 
available) the system will be operated using engine exhaust 
and solar heat (provided by Shefler Solar Dishes). During 
evening, when the sun is not available and the gasifier 
would run at its peak to meet the evening electricity load, 
the cold storage will be operated on engine exhaust only. In 
case of non-availability of full electrical load and sunshine, 
provision has also been kept to burn producer gas for the 
operation of the cold storage. The system has already been 
installed at SEC and its performance is being evaluated. 

The Indo-UK project on ‘Stability and Performance 
of Photovoltaics (StaPP)’ is being executed by the SEC 


along with other Indian partners that include IIT Bombay 
(lead), IT Kharagpur and IIT Kanpur. The UK side is 
led by Loughborough University and includes Strathclyde 
University, Northumbria University and Imperial 
College London. The Indian side is being funded by the 
Department of Science and Technology (DST) whereas 
the UK side is being funded by Research Council - UK: 
Programme on Solar Energy. The objective of the work 
assigned to SEC is photovoltaic (PV) module reliability 
under various environmental conditions and related stresses 
that can be experienced in different climatic conditions. 
The PV technology modules to be studied have already 
been identified and a few technology modules have been 
deployed in the Outdoor Test Bed of SEC. The procedures 
for field evaluation and analysis have been worked out. 

SEC has contributed a number of research papers 
on the subject. With more technology development 
and demonstration projects on these emerging energy 
technologies in the campus, SEC has become a desired 
destination for important dignitaries visiting the 
country. < 


Source: www.mnre.gov.in 
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CENTRE FOR WIND ENERGY 


TECHNOLOGY 


The Centre for Wind Energy Technology (C-WET), an autonomous organisation under the 
administrative control of Ministry of New and Renewable Energy, has been established in Chennai, 
Tamil Nadu. It serves as the technical focal point for wind power development in the country. 


A A view of the C-WET premises 


-WET was established in Chennai in the year 
1998, as an autonomous R&D institution by 
the Ministry of New and Renewable Energy 
(MNRE), Government of India. It is a ‘meant 
only for wind energy technology’, research 
organization in Asia. It is a knowledge-based institution 
of high quality and dedication, which offers services 
and seeks to find complete solutions for the kinds of 
difficulties and improvements in the entire spectrum of 
the wind energy sector by carrying out further research. It 





has a wind turbine test station (WTTS) at Kayathar with 
the technical and partial financial support of DANIDA, 
Government of Denmark. 

The C-WET comprises of the following structure: 
Research and development unit: Its main focus is towards 
novelty in developments of components as well as in 
sub-systems of wind turbines by collaborative works with 
other R&D institutions/industry. 

Wind resource assessment Unit: The unit identifies resource 
rich regions in the country by conducting wind resource 
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A Suzlon wind power installation at Dhule. Maharashtra 


micro survey and offers its services to the wind farm 
developers. It is assessing and analyzing wind resources to 
prepare a interactive wind map for the nation. 

Testing unit: To establish world class facilities in testing 
of complete wind turbine generator systems (WTGS) 
according to international standards. 

Standards and certification unit: The unit carries out Provisional 
Type Certification of wind turbines as per the Indian 
Certification Scheme for Wind Turbines viz. Type 
Approval - Provisional Scheme - TAPS - 2000 (amended). 
More intensive standards on wind energy are being 
developed by the unit. 


WIND RESOURCE ASSESSMENT 


s The wind resource assessment campaign has been actively 
pursued in assessing the realistic wind power densities 
(WPDs) through several ongoing efforts to determine and 
evaluate the local wind conditions before establishing a 
wind farm by using a tall tower with multiple measurement 
levels. The wind monitoring stations have been established 
with the help of State Nodal Agencies (SNAs). By the end 
of year 2012, 694 dedicated wind monitoring stations 
have been established and 93 wind monitoring stations are 
under operation. During the period April-December 2012, 
34 new wind monitoring stations were commissioned in 
various states. 

» 186 sites have been registered for wind measurement 
by private sector from various states in India. The wind 
data from over 132 private wind monitoring stations have 
been analysed. The data has been verified, checked for the 
quality of data, and reports submitted during this period. 
» 22 consultancy projects focused on various wind farm 


developmental needs, such as _ micrositing; technical 
due diligence; installation and commissioning of wind 
monitoring stations; and power curve guarantee test. Also 
detailed project reports were undertaken for a variety of 
clients from public/government/private sector during this 
period. 

» Four 120 m tall guyed wind monitoring stations are 
operational at Lamba (Gujarat), Akal (Rajasthan), Jagmin 
(Maharashtra) and Jogimatti (Karnataka). Measurements 
have been carried out at 10, 30, 60, 90 and 120 m levels. 
Research in wind resource mapping is being carried out 
using these data. 

A project titled ‘Estimation and Validation of Wind 
Power Potential at 100 m level’ involving re-assessment of 
wind power potential as evaluated by the meso-scale based 
model developed for the Indian Wind Atlas is underway. 
Under the project, full scale field measurements at 100 m 
level at 75 sites in seven states (Andhra Pradesh, Karnataka, 
Rajasthan, Tamil Nadu, Maharashtra, Gujarat & Madhya 
Pradesh) will be undertaken. 

With its open approach to all wind energy related science 
and technology, one can get all the assistance required from 
resource assessment to project implementation. National 
and international training workshops are organised for the 
benefit of stakeholders by the unit regularly. It is for sure that 
the Centre with its excellent infrastructure and resources will 
support, sustain and achieve a high quality of performance 
in the wind energy domain. The unit publishes a quarterly 
newsletter, PAVAN that carries topical information for both 
the casual and serious readers. The Centre also promotes 
expert products and services to other countries too. © 


Source: www.cwet.tn.nic.in 
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ALTERNATE HYDRO 
ENERGY CENTRE 





Alternate Hydro Energy Centre (AHEC), established in Indian Institute of Technology, Roorkee 
promotes power generation through the development of small hydropower projects (SHP) in 
hilly as well as plain areas and development of decentralised integrated energy systems in 
conjunction with other renewable energy sources e.g. biomass, solar, wind etc. 





a@ Campus view of AHEC. IIT, Roorkee 


HEC, an academic centre of Indian Institute of 
Technology, Roorkee was established in the year 1982 
and has celebrated 2007 as silver jubilee year. AHEC 
as been providing professional supports in the field 
of small hydropower development covering planning, 
detailed project reports, detailed engineering designs and 







construction drawings, technical specifications of turn key 
execution/equipment supply, refurbishment, renovation and 
modernisation of SHP stations, techno-economic appraisal, 
R&D/monitoring of projects, remote sensing and GIS based 
applications. Technical support to over 25 different state and 
central government organizations for SHP development has 
been provided. IPPs and financial institutions are utilizing its 
expertise support for their SHP development. 

AHEC also worked for several projects related the 





conservation and management of water bodies. AHEC 
has developed two new designs of water mills for grain 
grinding (A) Patent No. 230527, ‘A Horizontal Open- 
Cross Flow Turbine’ (B) Patent No. 231697 ‘A Water Mill 
Used for Grinding Grains’ and for mechanical/electricity 
generation purpose for the hilly region of the country. 
AHEC has been imparting training to field engineers and 
technologists through short-term training courses to create 
trained human resource in India and other developing 
countries in the field of renewable energy. AHEC offers 
a four semester Master of Technology (M.Tech.) course 
in ‘Alternate Hydro Energy Systems’. AHEC also offers 
three elective subjects on renewable energy to bachelor of 
engineering students of the Institute. A Ph.D. programme 
is also offered by AHEC in the field of ‘Alternate Hydro 
Energy and an M.Tech. programme in “Environmental 
Management of Rivers and Lakes’, fully sponsored by 
Ministry of Environment and Forests, Government of 
India is being offered since 2004 to the officers of state / 
local / central government organizations. 

AHEC has signed a Memorandum of Understanding 
with governments of Uttarakhand, Bihar, Himachal 
Pradesh and Jammu & Kashmir to work as an expert 
agency for the development of small hydropower. It has set 
up an instrumentation laboratory to provide independent 
performance testing of hydropower plants. A real time 
digital SHP simulator has been established for training and 
design with the support from MNRE and UNDP. AHEC 
has been entrusted the task of conducting performance 
field testing and certification of small hydropower stations 
using latest performance testing equipment by MNRE. © 


Source: www.iitrernet.in/departments/AH 
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RE INSTITUTIONS 





SARDAR SWARAN SINGH 
NATIONAL INSTITUTE OF 
RENEWABLE ENERGY 


An autonomous institution, Sardar Swaran Singh National Institute of Renewable Energy 
(SSS-NIRE) of the Ministry of New and Renewable Energy, Government of India facilitates 
research, design, development, testing, standardization and technology demonstration— 
eventually leading to commercialization of RD&D output in renewables. 
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A view of the portico of SSS-NIRE, Kapurthala, Punjab 
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SS-NIRE, Wadala Kalan, Kapurthala, Punjab, an 

autonomous institution of the Ministry of New 

and Renewable Energy (MNRE), was established 

to act as a centre of excellence in biomass energy. 
The objectives of the institute is to carry out and facilitate 
research, design, development, testing, standardization 
and technology demonstration eventually leading to 
commercialization of RD&D output with a focus on 
bioenergy, biofuels and synthetic fuels in solid, liquid and 
gaseous forms for transportation, portable and stationary 
applications, development of hybrid/integrated energy 
systems, to undertake and facilitate human resource 
development and training in the area of bioenergy. 
Spread over about 75 acres, the present faculty strength 
at the institute is ten including three scientists. 


ENERGY PLANTATION: 


« 10,000 jatropha plants are being planted over 3 hectares 
of land for structural studies. 

« 200 bamboo plants are being planted along with 
boundary wall of the institute as energy plants. 

s 3,000 forestry and oil bearing plants have been planted 
along with boundary wall of the institute. 


R&D PLAN FOR THE NEXT FIVE YEARS 


In accordance with the recommendations of the R&D 
committee, the scientists are preparing the status papers 
on different renewable energy technologies. On the basis 
of the status papers, the research gaps in different areas 
will be identified and the specific research activity will 
be decided accordingly. However, some of the research 
activities are as under: 

s A data base generation on fuel related characteristics of 
biomass and other fuels and application of biomass for 
specific technologies. 

s Biomass management i.e. harvesting, collecting, 
transportation, storage and pre-conditioning studies. 


TABLE 1: Current activities of SSS-NIRE 


PROJECT COST 


TITLE OF PROJECT 





(Rs. IN LAKHS) 
Integrated technology development for biodiesel 


E À production using heterogeneous catalyst nz 
2 -Biocrude production: hydro-cracking of non-edible | 68.40 
-vegetable oil | 
Process development for bioethanol production from 
3 agricultural residues: Development of process for 13219 


co-fermentation of hexose and pentose sugars of 
agricultural residues 





» Technology development for the production of bio- 
ethanol using lingo-cellulosic materials, especially the 
agricultural crop residues and its application. 

» Technology development related to thermal conversion 
of biomass such as gasifier designing/fabrication, 
combustion of biomass and power generation, biomass 
pyrolysis and the performance evaluation of the systems 
and economic appraisal. 

= Technology development for production of Bio-oil/ 
lignoil, bio-crude production and integrated bio-refinery 
development. 

» Establishment of testing centre for chullas for domestic 
applications, biomass thermal gasifiers and other 
renewable energy devices. 

= Generation of biogas from animal excreta and 
agricultural wastes, purification of biogas, its bottling 
and commercial application of both carbon dioxide and 
methane. 

a Hydrogen generation from biomass resources (using 
producer gas and biogas both generated from biomass). 
s Study on the growth characteristics of different varieties 
of oil bearing plants such as jatropha and others. 

» Development of biodiesel production parameters using 
non-edible and waste oils, different types of catalyst, feed 
stocks and the use of biodiesel as fuel in diesel engines. 

a Demonstration of various renewable energy devices 
such as biomass gasifier, briquetting plant, biogas- 
power plant, etc., in the campus and meeting 100 per 
cent power requirement of the institute using renewable 
energy devices. 

= Design, development and installation of biogas 
and solar based 5 TR hybrid vapour absorption 
refrigeration (HVAR) systems for heating and cooling 
applications. 

= Demonstration of solar thermal and photovoltaic 
systems. 

Central Public Works Department (CPWD) has been 
entrusted with the work of development of the campus 
and construction of buildings on “Deposit Work’ basis. 
Buildings have been designed by using principles of 
energy efficiency and solar passive architecture. A 
mechanical workshop has also been developed with 
the facility to fabricate experimental devices. The 
landscaping and horticulture activities at the institute 
are ongoing. Significant numbers of scientific journals, 
books, proceedings of conference/ workshops etc., 
have been procured in the documentation centre of 
the institute. © 


Source: www.nire.res.in 
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RENEWABLE ENERGY 
CERTIFICATES IN INDIA 


There is an uneven distribution of renewable energy in India with certain states generating 

a high percentage of electricity from renewable sources while others are not meeting the 
minimum percentage. Renewable Energy Certificates (RECs) would help make the renewable 
electricity market stable by maximizing the benefits while reducing the costs. 


RENU SINGH 
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A Generation of 8000 kg/day bio-CNG from press mud installed by M/s 
Spectrum Renewal! Energy Pvt. Ltd. at Waranangar, Maharashtra 
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e power sector in India is rapidly growing in 
size and complexity with factors such as growth 
of short term power, trading instruments such as 
renewable energy certificates (RECs), injection of 
renewable power into the grid, wider participation 

in open access and increasing contribution of independent 
power plants. Policy and regulatory changes are more 
frequent than before, reflecting the dynamic nature of 
the industry. Major developments in the power sector 
are being driven by issues such as the demand-supply 
gap, losses in state utilities, ageing infrastructure, private 
participation, and environmental impact among others. 
Grid-connected renewable power is the key route through 
which the energy fuel mix can be brought in line with the 
desired objectives of reducing carbon emissions as well as 
improving the countrys energy security. In June 2010, 
the cumulative achievement in grid-connected renewable 
power stood at 17,173.90 MW which increased to 
28,000 MW in March 2013 (Table 1). The leading 
renewables include wind power, small hydropower 
and bagasse-based cogeneration. Wind energy garners 
the predominant share of about 70 per cent of total 
grid-connected renewable capacity. According to the 
Ministry of New and Renewable Energy (MNRE), there 
is a potential of 84,776 MW (excluding solar) in grid- 
connected renewable power. Barely 18 per cent of this 
has been achieved so far. India targets to increase its solar 
power capacity to about 10 GW by 2017 from about 1.2 
GW at the end of 2012. The National Action Plan for 
Climate Change (NAPCC) has presently set a target of 
5 per cent of power purchase from renewable, which will 
be increased by 1 per cent each year to reach 15 per cent 
by 2020. The renewable purchase obligations (RPOs) or 
the percentage of power that the distribution utilities are 
expected to procure from renewable generators, are set 
by the State Electricity Regulatory Commissions (SERCs) 
for their respective states. A new system of Renewable 
Energy Certificates (RECs) has been introduced in the 
courtry, by which energy generated and fed to the grid 
will entitle the developers to trade the RECs issued to 
them. The system has been recently operationalised. 


RENEWABLE ENERGY CERTIFICATES 

The MNRE, through ABPS Infrastructure Advisory (P) 
Limited, came out with a report for circulation in June 
2009, on the “Development of Conceptual Framework for 
the Renewable Energy Certificates (REC) Mechanism in 
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TABLE 1: Cumulative achievement in grid connected renewable power 


CUMULATIVE ACHIEVEMENTS UP TO 





SOURCE MARCH 2013 (MW) 
Wind Power 19051.45 
Biomass 1264.80* 
Small Hydro Power 3632.25 
Cogeneration - Bagasse 2337.43 
Waste to Energy 96.08 
Solar Power 1686.44 


* Includes 1.20 MW of gasification 
SOURCE: MNRE 


India’. To realize the objectives identified in the NAPCC 
and to facilitate transactions in the renewable energy 
market, the Central Electricity Regulatory Commission 
(CERC), in consultation with the Forum of Regulators 
(FoR), issued the notification on RECs on 14.01.2010. 
Salient points of the regulation are: Each SERC to develop 
RPO framework for its respective state (as per Section 86 
(1) (e) of the Act). Under the RPO framework, obligatory 
entities like distribution licensees, open-access consumers 
and captive consumers would require to consume certain 
percentage of their energy from renewable sources of 
energy (both solar and non solar). Obligatory entities 
can purchase RECs to discharge their RPOs. On 29 
September 2010, the regulator passed an amendment to 
its REC Regulations, 2010. These are: participation in case 
of premature termination of power purchase agreement 
(PPA) and eligibility of captive power producers based on 
renewable energy source. The procedure to participate in 
REC mechanism involves: accreditation, registration with 
the central agency, issuance of REC and trading of RECs 


through power exchanges. 


TERMS AND CONDITIONS FOR ISSUANCE OF RECS 
Some features of the CERC regulations on RECs are 


summarized as under: 

= Categories: There are two categories—solar and non-solar. 
= Eligibility: All grid-connected renewable generators 
having installed capacities of 250 kVA and above are 
eligible. The entity seeking an REC has to be accredited by 
the respective state agency (such as TEDA in Tamil Nadu) 
etc. Also, it should not have any power purchase agreement 
(PPA) with the state regulatory commission for selling the 
generation on preferential tariffs on offer. 

= Central agency for REC: A central agency is entrusted 
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RENEWABLE ENERGY CERTIFICATES IN INDIA 
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A FIG 1: Non solar RECs issuance trend (June 2012 to May 2013) 


with all operational functions related to RECs such as 
registration of entities, issuance of certificates, maintaining 
and settling REC accounts, transaction repository and 
others. Taking specific note of procedural delays, REC 
regulations provide that the central agency will issue 
certificates to eligible entities within 15 days of application. 
= Denomination of certificates: Each REC would 
represent one-megawatt hour of electricity generated by 
the renewable energy entity and injected into the grid. 

s Transaction: RECs will be traded only through the 
power exchanges. 

s Price: Price determination of RECs will be within the 
limits set by CERC in terms of forbearance and floor price. 
s Validity: REC will remain valid for up to a year from the 
date of issuance. The validity will stand even if the entity’s 
accreditation is revoked at a later date. 

= Compliance auditors: CERC can appoint compliance 
auditors for verification of regulatory processes related to 
RECs. Auditing will be done on a sample basis to ensure 
compliance of regulations at central and state level. 


RECENT DEVELOPMENTS AND CHALLENGES 

The REC framework requires uniform regulatory structure 
across the states. As of 5 August 2010, 3 SERCs Gujarat, 
Himachal Pradesh and Maharashtra and JERC for 
Mizoram and Manipur passed the final REC regulations. 
Eight other states have notified draft REC regulations 
and are waiting for state commission approvals. CERC 
has already granted approval to the two power exchanges 
(i.e. IEX and PXIL) for introducing RECs as trading 
products. The MNRE has agreed to provide financial 
assistance of Rs. 9 crore over the next 3 years towards 
implementation of the mechanism. This financial support 
would be provided for developing relevant software and 
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A FIG 2: Solar RECs issuance trend (June 2012 to May 2013) 


hardware and for providing manpower to both central and 
state agencies. The REC mechanism assures a guaranteed 
return of at least Rs. 12,000 and Rs. 1,500 per certificate to 
solar power and non-solar generators, respectively, proving 
that RECs will give monetary returns to developers by 
compensating them for loss of preferential tariff. RECs to 
the tune of 13.71 lakh were offered for sale at the India 
Energy Exchange during the trading session of January 
2013. Of these only 1.91 lakh were sold, and the remaining 
were stacked up with the renewable power producers. 
The trend of non solar and solar RECs from June 2012 
to May 2013 shows that non-solar REC issuance under 
the REC scheme has again slipped to a new low while the 
solar REC issuance touched an all-time high. There is an 
uneven distribution of renewable energy potential in the 
country; certain states are generating a high percentage 
of electricity from renewable sources while others are not 
procuring even the minimum percentage; resulting in 
uneven tariff burdens on consumers across the country. 
RECs would help make the renewable electricity market 
stable and predictable by maximizing the benefits of 
renewable generation while reducing costs. Several other 
activities such as development of hardware and software 
by the REC registry and REC exchange platform, need the 
regulator to approve the specifications as well as audit the 
system. A monitoring committee will have to be set up to 
develop database of all renewable energy installations in a 
state. This activity would require significant upfront effort. 
In addition, significant capacity building activity will have 
to be undertaken at the state and central levels to ensure 
successful implementation of this mechanism. @ 


The author is Scientist, Division of Environmental Sciences, Indian 
Agricultural Research Institute, New Delhi. Email- renu_icar@yahoo.com 
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RE PRODUCTS 


India has a potential of generating over 2.45,000 MW from various renewable energy resources 
available, if efficiently tapped and new and improved technologies deployed. The MNRE is 
implementing measures to promote and generate more renewable energy and is in continuous 
process of planning new projects and supporting development. 


CFL SOLAR HOME LIGHTING SYSTEM 


Exide Solar Home light is a complete package comprising of solar 





module, electronic charge controller, battery, cables and light fittings 
with mounting and fixing hardware down to the last nut and bolt. It 
provides power to light up between 2 to 4 rooms and also can operate 
appliances like solar fans, TV, VCR, music systems, etc. It is one’s own 
power plant for homes, hospitals, shops, offices and camps in remote 
locations where electricity is unavailable or erratic. For city dwellings, 
offices, staircase lighting, car park etc., it is excellent as an emergency 
power supply. The Exide Solar Home light is an eco-friendly system, has 
very long life with ‘zero’ operating cost and is virtually maintenance free. 


SPECIFICATION HOMELIGHT TYPE - II HOMELIGHT 50Wp HOMELIGHT TYPE -V 
37W 50W 74W 








Solar module 

Tubular plate battery size atC10 12V, 40Ah 12V, 40Ah 12V, 75Ah 

Battery type Tubular Tubular Tubular 

Number of lights 2 2 4 

Power of light /Duration CFL 9 W CFL 9 Wall CFL 9 W 

of operation 3-4 hours 4-5 hours 3-4 hours 

Optional loads 14°B/W-TV/16W DC Fan 14° B/W-TV/16W DC Fan  B/W-TV/16W DC Fan 

SPV module 12V, 37Wp 74Wp 
Tubular battery 12V 40Ah 75Ah 
Charge controller, 12V 6A 10A 

Luminaries with 9 W CFI. based 2 Nos 4 Nos 
2 Core 2.5 sq mm PVC insulated flexible copper cable 15M 25M 

Battery box with ABS Plastic & structure for SPV module GI angle 1 Set 1 Set 
3° X 3” PVC box with 5 Amp P&S with 5A switch for TV or fan 1 No 1 No 


Courtesy: Chloride Power Systems & Solutions limited 


www.chloridepowersystems.com 
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ELECTRONIC CHARGE CONTROLLERS 


RITIKA SYSTEMS L] e. 
OFFERS A WIDE RANGE 


OF ELECTRONIC SPV Ce N MOTOR RATED HP (APPROX, 
CHARGE CONTROLLERS ee ain | 6) 12/ 241 48/ 96/ 110/ 120V DC 
/REGULATORS WITH Charging iii (Max) options 6/ 10/ 20/ 25/ 150 Amp 


Load currents options 2/ 6/ 10/ 20/ 25/ 150 Amp 


STA N DA R D A N D C U STO M System controls options a ere | one step æ Relay, Contactors based/ Solid State m 


Reverse polarity 


B U | LT y E RS 0 N S n Protections options w Battery deep discharge æ Battery over charge m Short circuit 





l ie a Audible alarms options Battery Low, Battery High, Over load, earth leakage etc 
Courtesy: Ritika Systems Pvt Ltd. — . eo 
Websites hnps//wonnvitikanyetematn Indication options m Battery mia = Battery overcharge m Charging ‘ON 

Weight / dimension Shall be provided on request depending upon options 





FENCE LIGHTING 


SPECIFICATION s Glow wire test 
«Input voltage: 110-270V » Tracking index test 
AC 50 Hz s Endurace test 

s Operating temperature: a i T, can 


-20°C to 50°C 


« Ingress protection: IP 67 SAFETY STANDARDS: IEC 


s Colour temperature: 
61000-3-2-4-5, IEC 60598 
2700K to 600K v amass . 


» Colour rendering index: 
« Surge immunity test 


>75 i 
a Lifespan Typically 30.000 « Mechanical strength test 
a i (impact test) 


s Wind test (static load test) 
s Harmonics : EN 61000-3- 


SAFETY STANDARDS: IEC 2 and 61000-3-3 


w Power factor: >0.95 


60598-1,2 & 3 a EMC/EMI standard : EN 
» Insulation resistance test 61547 / EN 55015 

» Dielectric strength test s Other test reports : Ip- 

s Ball pressure test 67, power factor, system 

s Flammability test efficiency and LM-79 


Courtesy: Sanarti Group 


A | 7 Noehesi » «// mars i r 7 
Inputs from Ministry of New and Renewable Energy Website- http://wwv.sanartigroup.com 
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SOLAR GENERATOR 


A solar generator can benefit 
the home in a variety of ways. 
Depending on the size, it 

can allow an establishment 

to remain unaffected in the 
event of a power failure. It 
can also be used to simply cut 
costs of daily energy use. Ideal 
for usage in homes, shops, 


hospitals, banks, schools, erc. D Cera CE ed Wee ed ec 


The merits of the system are: 





i UPS/Inverter capacity 600 VA 600 VA 1 KVA 1 KVA 2 KVA 2 KVA 
s Easy to install and easy i 
to use » Perfect sine wave PV module capacity (W = asgi- i: 300/Wp S00 Wp 500Wp  1000Wp  1000Wp 
with high efficiency = Nominal battery voltage 12V 12V 24 V 24 V 48V 48V 
Non-polluting = No i aina 
fuel dependence « Silent ater cap | 150 Ah 180 Ah 180 Ah 300 Ah 180 Ah 300 Ah 
operation, and = Modular Battery type Flooded tubular lead acid battery 
design allowing for system Grid input 
apine, Pool 190 V AC to 270 V AC 

In very simplified terms, Nominal AC output voltage Single phase 230 V AC, 50 Hz + 1.5 per cent 
a solar generator works by Maximum solar PV voltage 20V 20V MV 40V avy a0 V 
converting solar energy into PEET 
electrical energy. This energy charging current 30 Amp 30 Amp 30 Amp 30 Amp 40 Amp 40 Amp 
aa then igen) e wý Solar PV charging priority Provided 
ighting, fans, and run the 1 V. Grid active/Inactive 
The generator consists of an window selection Provided as per requirement 
array of solar panels, a deep Grid charging current SA 
? m 5 Am 5 Am 10 Am 5 Am 10 Am 
cycle battery for continuous (Programma lej ; : . á P P 
use, control electronics and Protection Battery under/over voltage; Inverter over load/ short circuit / over temperature; 
; i Temperature control cooling fan; Grid under/over voltage 

an inverter for powering AC i 
loads such as lights, fans, TV, Display ‘ype LOD 
computer, etc. During night- Power device Mosfet 
time, it operates in stand-by Inverter output wave form Pure sine wave 
mode (off-line) for providing Battery back-up duration 3 hrs 3.5 hrs 4 hrs ó hrs 4 hrs b hrs 
power to loads in case of grid- 
failure. 


Courtesy: AGNI Power and Electronics Pvt. Ltd Website: http://www.agnipower.com 


RE PRODUCTS WISH LIST 


There are many RE products awaiting exploration. Here is a list of some that come at affordable price. To avail 
of them, contact your nearest Akshay Urja shop of MNRE at various districts all over the nation. 


= Solar water pumping system 5 Solar lantern = Solar PV power plants/packs 
e Solar dryer = Solar air conditioning = Solar cooker 
m Solar charger = Solar lamp = Solar refrigerator 
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First online world atlas on 
renewable energy launched 
www.irena.org/GlobalAtlas 
IRENA (International Renewable 
Energy Agency) has launched 

its Global Atlas for Solar and 
Wind on January 13, 2013. The 
Global Atlas is the comprehensive 
information platform on the 
potential of renewable energy. In 
doing so it seeks to bridge the gap 
between countries having access 
to the necessary expertise and 
information for evaluating their 
renewable energy potential, and 
the countries deprived of those 
elements. 


Marin Clean Energy Programme 
for electricity 
www.contracostatimes.com 

San Pablo has joined the growing 
ranks of Bay Area municipal 
governments to consider allowing 
its residents to buy electricity from 
Marin Clean Energy instead of 
Pacific Gas & Electric Co. San 
Pablo with MCE will now be 

able to provide its residents with 
more than 50 per cent of their 
electricity from renewable sources 
such as solar and wind. 


Fine-tuning renewable energy 
forecasts 


www.dailycamera.com 

The National Center for 
Atmospheric Research is entering 
into a new phase of its partnership 
with Xcel Energy, aimed at 
providing the utility more 
sophisticated forecasting, which 
should enable Xcel to improve its 
renewable energy efficiency. The 
work is being funded primarily 
through a 4.1 million USD grant 
from the U.S. Department of 
Energy. 











x Sen report provides insight 
to policy makers and market 
actors as to the ways that new 
and innovative business models 
can stimulate the deployment of 
renewable energy technologies 
and energy efficiency measures 
in this field. This project was 
initiated and funded by the IEA 
Implementing Agreement for 
Renewable Energy Technology 
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Cumulative deployment of various renewable energy 
projects/systems/devices in India 


DEPLOYMENT DURING | TOTAL DEPLOYMENT | CUMULATIVE ACHIEVEMENTS 
SECTOR TARGET FOR 2013-14 MAY. 2013 IN 2013-14 (AS ON 31.05.2013) 


|. GRID-INTERACTIVE POWER (CAPACITIES IN MW) 











Wind Power 2500 114.30 264.10 19317.05 
Small Hydro Power 300 24 39 3671.25 
Biomass Power 105 - - 1264.80 
Bagasse Cogeneration 300 - - 2337.43 
Waste to Power 20 - - 96.08 
Solar Power 1100 73 73 1759.44 
Total 4325 211.30 303.10 28446.05 








Waste to Energy 10 - - 115.57 
Biomass (non-bagasse) 
Congeneration 80 2.8 2.8 473.95 
Biomass Gasifiers 
~Rular 1.00 ” - 16.792 
-Industrial 9.00 0.50 0.50 142.08 
Aero-Genrators/Hybrid systems 1.00 - - 2.11 
SPV Systems 40 \ 1- - 124.67 
Water mills/micro hydel 900 nos - - 10.65 (2131 nos) 
Bio-gas based energy system 2 = ~ - 

j Total 143 3.30 3.30 885.82 
Ill. OTHER RENEWABLE ENERGY SYSTEMS 
Family Biogas Plants (No. in lakh) 1.10 a - 46.55 
Solar Water Heating - Coll. Areas 
(Million m3 0.60 A - 6.98 


kW= kilowatt: MW = megawatt; eq = equivalent 
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e are Waaree Energies. 


e bring sunshine 
into people's lives. 


At Waaree Energies, we offer the most diversified range of solar power solutions in India 


from megawatt solar power systems through EPC to daily utility solar powered produ 
Its how we bring the power of the sun into people’s lives. 


WAAREE Energies Pvt. Ltd. 

602, Western Edge-l, Off Western Express Highway, Borivali (E), 
Mumbai - 400066, Maharashtra. Tel: +91-22-6644 4444, 
Toll-free number: 1-800-2121-321. Email: waaree@waaree.com 
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4 Someday, wherever there's sunshine, 
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1 this new era, we adorn a new identity. Inspired to constantly make things better, at Lanco Solar, we are 
ee determi 1ed to become one of the largest integrated solar players in the world. Here, we bring in a 
= unique roposition of an integrated solar business model. This model is built on our expertise in 
manufacturing (for Solar PV - Polysilicon, Wafer, Cells and Modules) , Global scale EPC execution (at 
_ ground-mounted Solar PV farms and Solar Thermals) and the development of global Solar Projects, 
_ Products and Systems. 
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Always Inspiring 


PC | POWER | SOLAR | NATURAL RESOURCES | INFRASTRUCTURE www.lancogroup.com | solar@lancogroup.com 
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Upscaling and mainstream ing renewables 
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